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HOURS AND WAGES 


The wage increases, of approximately 
64 per cent, recently agreed upon in the 
engineering and shipbuilding industries, 
brought to a satisfactory conclusion a 
dispute which had lasted for several 
months. It was a dispute that at times 
became acrimonious. But the settle- 
ment finally reached between the 
employers’ federations and the Con- 
federation of Shipbuilding and Engineer- 
ing Unions encouraged the belief that no 
further demands would be presented for 
at least a year. So far as claims for direct 
wage increases are concerned, the unions 
will undoubtedly stand by the under- 
taking to which they are a party. Never- 
theless, a decision taken last week by the 
executive council of the Confederation of 
Shipbuilding and Engineering Unions 
cannot fail to engender some feeling of 
dismay and anxiety. This decision was 
that immediate application should be 
made to the engineering and shipbuilding 
employers for the introduction of a forty- 
hour week (without loss of pay) and for 
holiday payment at the rate of £2 a day. 

The demand for a forty-hour week is 
admittedly not new. An application for 
it was considered by the employers’ 
federations about a year ago and was 
then rejected. Last August the matter 
was again discussed at the union con- 
federation’s annual conference, at which 
a forty-hour week was described as “a 
paramount necessity in view of the intro- 


duction of automation in the engineering 
industry,” and the executive was in- 
structed to press on with its efforts. The 
Confederation’s executive can properly 
claim, therefore, that it has a mandate 
for the demand which it has said it intends 
to submit. But that mandate ought not 
to prevent the executive from realising 
that the present is a singularly inaus- 
picious moment to proceed with a demand 
of this nature. Certainly, the executive 
may be following the letter of the Con- 
federation’s directive, but its proposed 
action is scarcely in accord with the 
spirit of the recent wage agreements. The 
working week of forty-four hours has 
operated since 1946. In the intervening 
years there has been considerable pro- 
gress technically which has resulted in 
more efficient production methods and 
processes, but the average hours worked 
in the engineering industry are still 
about forty-eight a week. To shorten 
the working week now to forty hours 
would mean—however dispassionately the 
proposal is viewed—higher rates of pay 
than those just agreed upon. Is it neces- 
sary to add that those oft repeated state- 
ments about increased costs in relation 
to competitive prices have lost none of 
their weight ? From a purely procedural 
aspect, the executive of the Confederation 
of Shipbuilding and Engineering Unions 
may be moving correctly. The time, how- 
ever, is strangely inopportune for such a 


move, and the Confederation. cannot be 
really surprised if it is charged with 
“ getting round ” the agreed standstill on 
wage claims. The country’s economic 
situation is not able to support anything 
which savours of the doctrine of more 
money for less work. 

No doubt the unions adhere tradition- 
ally to the view that their primary 
function is to obtain the best possible 
concessions and conditions for their 
members. In that, there is nothing at all 
unethical provided the unions keep in the 
foreground of their activities a full 
measure of their responsibility in assisting 
the maintenance of good industrial rela- 
tions. Over the recent wage settlements, 
the unions showed statesmanship that 
many of their critics felt had hitherto been 
lacking. It is a pity that a similar states- 
manlike approach is not being made in 
this matter of a forty-hour week. In 
reaching their agreement about wages, it 
will be recalled that both the employers 
and the unions were willing to be guided 
by the main recommendation of the 
Courts of Inquiry which examined the 
disputes. There were some other recom- 
mendations which do not appear yet to 
have received the consideration they 
deServe. One of them relates to the 
establishment of a National Joint Council, 
a “body which would concern itself 
positively with the productive efficiency 
of the industry and which would make its 
own contribution to the promotion of 
that end.” A similar suggestion was 
made by an earlier Court of Inquiry ; it 
is one about which neither the employers 
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nor the unions have so far shown very 
much enthusiasm. Some second thoughts 
would not be amiss. For such a joint 
body, concerning itself positively with 
productive efficiency, could surely prove 
helpful. It could, for example, study the 
best ways and means of moving towards 
a shorter working week. That would be 
more beneficial to the health of such 
important industries as engineering and 
shipbuilding than a demand which cannot 
reasonably be expected to have a cordial 
reception at the present time. 


TALKING THE AMERICAN WAY 


How pleasant it was a fortnight ago 
to read of someone speaking out for 
Britain to an American audience. It 
is a national American characteristic 
to believe that only Americans are 
really virile and progressive. American 
boys and girls are brought up to 
believe it. By European standards, 
too, the United States is a very youth- 
ful nation. It is simple to draw an 
analogy between the vigour of youthful 
manhood and the vigour of a youthful 
nation and to assume therefore—quite 
wrongly—that older nations must be 
relapsing into senility. Nor does an 
American used to the bustling ways of his 
compatriots at home find much reason to 
alter his opinions when he visits this 
country. For it is a national characteristic 
of the people living on this island to be 
so innately sure of themselves that they see 
no point at all in bolstering up confidence 
by talking “big” or playing down 
difficulties which lie ahead. The American 
used to taking the overstatements of com- 
patriots in his stride tends to underestimate 
the determination and drive underlying 
the understatements of his hosts on this 
side of the Atlantic and their apparent 
over-awareness of difficulties seen to lie 
ahead. The people of Britain seem to him 
therefore to lack the drive and vigour so 
fully revealed by his compatriots at 
home. Unless, instead of conversing, he is 
prepared to go out and see British 
achievements for himself there is only one 
answer to him. It is to do what our 
ambassador to the United States, Sir 
Harold Caccia, has recently done and tell 
the Americans in a loud voice about some 
of Britain’s recent achievements ; to blow 
Britain’s trumpet in fact, as loudly as 
Americans blow theirs. 

It is a matter of pride to this journal that 
so many of the achievements Sir Harold 
mentioned relate to the work of engineers. 
This country, he pointed out, holds the 
world’s air, land and water speed records. 
Did the Americans realise, he asked— 
according to much emasculated reports of 
his speech appearing in the British press— 
that British scientists discovered the 
atomic nucleus, penicillin, vitamins and 
silicones ? And that British scientists and 
engineers were pioneers in the invention 
of the radio valve, radar (he did not 
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apparently mention the cavity magnetron 
but might well have done) and the jet 
engine ? Of course, he pitched his claims 
pretty high. To a British audience he 
might have hedged a little. But the 
Americans like this kind of talk and the 
British contributions to all those develop- 
ments were certainly very large. Did the 
Americans realise, he also asked, that 
many of the U.S. Air Force aircraft were 
propelled by engines designed in Britain— 
a forceful point because most Americans 
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100 Bears Ago 
(JUNE 19, 1857) 


“THE SOUTH KENSINGTON MUSEUM ” 


“The South Kensington Museum will 
be OPEN on the 24th, 25th, 26th and 27th 
June, from Ten till Four, and on Thursday 
and Saturday evenings, 25th and 27th June, 
from Seven till Ten o’clock. Admission 


ree. 
By order of the Committee of Council on 
Education. 


“THE SOUTH KENSINGTON 
MUSEUM iis situate near to OLD 
BROMPTON CHURCH. 


“SOUTH KENSINGTON MUSEUM. 
This Museum, containing Pictures, Sculp- 
ture, Architecture, Building Materials, 
Ornamental Art, Educational Collections, 
Patented Inventions, and Products of the 
Animal Kingdom, will be OPENED to 
the PUBLIC on Wednesday, the 24th of 
June, and continue open daily from Ten 
till Four. 

For the instruction and recreation of 
persons working in the day time, the 
Museum will be lighted up every Monday 
and Thursday evening, from Seven to Ten. 

On Monday, Tuesday, and Saturday, 
admission free. 

On Wednesday, Thursday, and Friday, 
being Students’ days, 6d. each person. 

By order of the Committee of Council on 
Education.” 


** COOKING By ELEcTRICITy ” 


**A curious experiment took place on 
Monday at St. Denis, at the residence of 
M. Gisquet, formerly prefect of police at 
the commencement of the reign of Louis 
Philippe, and now oil-refiner. By means of 
an apparatus invented by M. Bullot, and 
in which electricity is the only agent, six 
pounds of beef were perfectly cooked in 
five minutes and ten seconds. Several 
trustworthy witnesses, watch in hand, veri- 
fied this rapid act of cookery. At the end 
of 310 seconds the boiled meat and broth 
made from it were tasted, and both were 
found to be excellent, although a little too 
salt—a fault not attributable to the 
apparatus.” 











do not! Yet the Americans may well 
have been ready to concede all he had 
so far claimed. For they have con- 
sistently conceded in the past and still 
concede to-day that our scientific con- 
tributions have been immense and that 
scientifically America is still dependent for 
advance very largely upon European re- 
searches. Where they deem this nation 
to lack vigour is in the application of 
science and upon the production side. 
But there again Sir Harold had more 
strong things to say. Between 1947 and 
1956 United States steel output rose by 
about one third. In the same period 
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Britain’s output rose by two thirds. 
Between 1947 and 1955 American vehic!e 
production rose by 90 per cent, Britain’s 
by twice as much. It appears that our pro- 
ductive performance is not so bad after all! 
Britain, he added, is the world’s larges: 
exporter of electric generators, of boilers, 
of textile machinery and of radioactive 
isotopes. To stress the virility of this 
country he might have gone further. Ai 
the beginning of this century our staple 
exports, the exports that made us then the 
richest country in the world, were coal, 
textiles and ships. Now coal exports 
are negligible, exports of textiles are sadly 
shrunken and even in the domain of ships, 
though we still build as many asever, we are 
no longer the world’s greatest shipbuilding 
nation. A less vigorous nation would have 
been impoverished by such a change, 
taking place in so short a time. But not 
Britain. Finding old lines unprofitable we 
have directed our energies elsewhere. 
Exports of engineering goods, particu- 
larly heavy capital goods, vehicles, and 
aircraft, have taken the place of coal and 
textiles. Our engineers are making this 
country richer than ever despite declining 
exports from older industries. Soon we 
shall be exporting nuclear power plants, 
having led the world in the commercial 
application of nuclear energy. This small 
nation, unable to afford the vast sums of 
money expended by the United States and 
the U.S.S.R., has even had the brains, the 
ingenuity, the resource and the virility to 
make the hydrogen bomb. Heaven 
grant we never need to use it! True, as a 
book we reviewed in a leading article three 
weeks ago revealed, there are backward 
industries in this country—are there none 
we wonder in the States ? But engineer- 
ing is not among them. If we were 
Americans we should say roundly that we 
in this country are having a thoroughly 
exciting time, that our designers are the 
best in the world, that on price we can 
beat the world and that no other nation 
knows as well as we do how to export 
goods for sale. But as we are British we 
can only say that despite all our difficulties, 
our high taxation, our high wages, our in- 
dustrial disputes, other nations’ high tariff 
barriers, subsidised competition, shortages 
of certain materials, inflation, and a host 
of other handicaps we are not doing too 
badly. Americans should certainly learn 
the British—as opposed to the English— 
language. For those words really mean 
that the engineering industries of this 
country and all the other industries that 
serve them are booming with prosperity 
and showing every evidence of determina- 
tion to expand output and to meet com- 
petition from all comers. ‘“‘ Come the 
three corners of the world in arms and we 
shall shock them ; nought shall make us 
rue.” It isa pity perhaps that to-day we 
are not permitted by convention to be as 
outspoken in our confidence as Shake- 
speare was ! 
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A Seven Day Journal 


The Durham Colleges 


Tuts week, Durham University has 
jaunched an appeal on behalf of its Durham 
Colleges. It is hoped to raise £250,000 which 
will go towards the cost (estimated at 
£2,000,000) of an expansion programme. 
Sir James Duff, Warden of the Durham 
Colleges, gave some details of this programme 
at a Press conference on Monday. He 
emphasised that the science and technology 
teaching of the university was no longer 
confined solely to the Newcastle colleges. 
During the last thirty years, Sir James said, 
the full normal range of pure science subject 
had been developed in the Durham college, 
and the physics, chemistry and geology 
departments were supplying a steady flow 
of recruits to industry. Some important 
research work was in progress in a variety of 
subjects, he added, including nuclear physics, 
electronics, geophysics and radiochemistry. 

In announcing the appeal, Sir James 
referred to the country’s need for more and 
more trained minds, especially in science. 
The aim at Durham was to provide the 
necessary buildings and equipment, in par- 
ticular more laboratories and halls of 
residence, to enable the total number of 
students to be raised from the present figure 
of 1300 to 2000 and the number of science 
students to be increased from 400 to 1000. 
The more money that could be raised from 
private sources, Sir James explained, the 
more reason there would be to hope that the 
University Grants Committee would help 
towards the fulfilment of the programme. 
The principal items were the founding and 
building of a new college for at least 200 
men ; a new block of laboratories to house 
the chemistry and geology departments, and 
the building of a separate department of 
applied physics in order to expand the work 
in progress in electronics. 

Sir James stated that a gift of £50,000 had 
been promised by the Sir James Knott 
Trustees, with the suggestion that it should 
be used for the research needs of the physics 
department. Another gift, of £5000, had 
been made by Mrs. M. S. Gordon, to com- 
memorate the interest taken in the Durham 
Colleges by the late Bishop Geoffrey Gordon. 


Contracts for Road Schemes 


THE Ministry of Transport and Civil 
Aviation has announced the start of two 
schemes of road construction, namely the 
Lancaster by-pass motor road, and the 
Meriden by-pass which forms part of the 
proposed London to Birmingham motor 
road route. The Lancaster by-pass will be 
this country’s second stretch of motor road. 
The first length—the Preston by-pass—is 
now about 30 per cent complete ; the two 
routes will eventually be incorporated in the 
Birmingham-Shap motorway. The Lancaster 
by-pass will be 11 miles in length (3 miles 
longer than the Preston by-pass) and will 
cost nearly £3,750,000. The road will 
generally be 112ft wide with twin 24ft carriage- 
ways intially. It will cross the River Lune 
on a single reinforced concrete span, of 
230ft, and a similar bridge will cross the 
canal east of Carnforth. Twenty-six other 
bridges will also be built as part of the scheme. 
Excavation will be to the extent of about 
2,000,000 cubic yards, embankments reach- 
ing a height of 42ft, and cuttings a depth of 


30ft. Work is to start next month and will 
take two to three years to complete. The 
scheme has been designed by the Lancashire 
County Council’s engineers, the county 
surveyor and bridgemaster being Mr. James 
Drake, M.I.C.E. The main contractor is 
Sir Lindsay Parkinson and Co., Ltd. 


The Meriden by-pass, on which work has 
started, is a £600,000 scheme, extending over 
5 miles of road, part of which consists in 
doubling the carriageway on the A45 road. 
The Ministry states that the scheme has been 
designed to the most modern standards, 
avoiding cross traffic as far as possible : 
four crossing roads have been taken over 
or under the new route. This scheme has 
been the responsibility if the county sur- 
veyor of Warwickshire, Mr. David Watson, 
M.I.C.E., and the main contractor is Tarmac, 
Ltd. 


Reinforced Concrete Structures 


THE Reinforced Concrete Association is 
this year celebrating its twenty-fifth anni- 
versary, an occasion which is being marked 
by a photographic exhibition of noteworthy 
reinforced concrete structures. The exhibi- 
tion is at the Building Centre in London, and 
it was opened on June 17 by the Lord Mayor 
of London, Colonel Sir Cullum Welch ; it 
will remain open until July 5. Apart from 
a display of photographs showing some well- 
known structures of the ’thirties, the exhibi- 
tion concentrates principally on recent British 
achievements. Generally, these structures 
display a high standard of design and execu- 
tion, and there are memorable examples 
of the architectural and structural treatment 
of reinforced concrete. Many of the examples 
which were primarily a structural engineering 
task will be familiar to readers of this journal. 
It is pointed out that work estimated at £100 
million in value was done in reinforced 
concrete in this country in 1955. Buildings 
of five storeys and upwards are considered 
to be cheaper when built in reinforced con- 
crete than when alternative materials are used. 


Timber Research 


FURTHER research into the structural use 
of timber is noted, amongst other activities, 
in the report of last year’s work at the Forest 
Products Research Laboratory of the D.S.1.R. 
An investigation was started of the strength 
properties of the most commonly imported 
structural softwoods. The species being 
investigated are Baltic redwood and white- 
wood, western hemlock and Douglas fir. 
Particular attention is being paid to obtaining 
information on the variations in strength to 
be expected in each species from the various 
producing areas. 


Another investigation concerned a new 
high-speed wood-cutting machine capable of 
operating at speeds up to nearly 8000ft per 
minute. Chip formation and cutting forces 
throughout the speed range of the equipment 
were studied. It has been claimed that cut- 
ting speed has no effect on chip formation, 
but the results already obtained do not bear 
this out, the laboratory points out. Experi- 
ments made at various speeds and with varied 
cutting angles and depths of cut gave infor- 
mation on “lobster back ”’ chip formation. 
The chip was formed in a long, continuous 
shaving which failed in bending at regular 
intervals as it was deflected up the face of the 
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cutter, the final form of the shaving being a 
coil. The length of the flats between the 
bending failures has been found to be related 
to the depth of cut and consequent chip 
thickness. Studies with the new machine are 
continuing, 

[n investigating the radio frequency heating 
of wood joints it was found that the most 
efficient heating method for joints in plywood 
up to */,,in thick was the use of flat electrodes 
on the opposite sides of the wood to the glue 
layer. For wood sizes over jin, however, it 


“was found that true glue line heating had to 


be used, despite the danger of arcing likely 
to result from the contamination of the 
electrode. Radio frequency heating, using 
flat side electrodes, has also been applied to 
the manufacture of laminated beams. In 
order to assess the uniformity of the heating 
between the electrodes a method involving 
visual indication has been developed. Strips 
of universal indicator paper are laid on the 
glue line immediately after the spreading of 
glue. The pH value of approximately seven 
is shown by the paper turning green. At the 
end of the heating period the lamine are 
separated to reveal the paper. If a bright red 
colour, indicating a pH of approximately 
two, is revealed, the adhesive has set. This 
method can be used to determine the pro- 
a of the setting of the adhesive along the 
am. 


Dr. J. F. Allan 


WE have learned with regret of the death 
of Dr. James Fogge Allan, of the National 
Physical Laboratory, which occurred 
suddenly on June 8, while he was on holiday 
at Aldeburgh, Suffolk. Dr. Allan, who was 
fifty-two, was educated at Dumbarton 
Academy and Glasgow University, and served 
an apprenticeship with William Denny and 
Brothers, Ltd., the Dumbarton shipbuilders. 
He held the Sir William White Research 
Scholarship of the Institution of Naval 
Architects from 1927 to 1929, and in 1948 
he was awarded the degree of D.Sc. by 
Glasgow University for his pioneer work in 
the development of ship roll stabilisers. From 
1926 until 1948 he was on the staff of the 
ship model experiment tank at Dumbarton, 
having charge of the department during the 
last six years of that period. In 1948, Dr. 
Allan was appointed superintendent of the 
Ship Division of the National Physical 
Laboratory. Since his appointment the 
Division has considerably extended its 
activities, and, under his enthusiastic guid- 
ance, the new N.P.L. Ship Hydrodynamics 
Laboratory at Feltham was planned and 
construction begun. In this laboratory the 
work of the Division in carrying out experi- 
ments for shipbuilders on new designs and in 
basic research into the hydrodynamic prob- 
lems of ships will be continued in the ways 
in which Dr. Allan so firmly believed. 


Dr. Allan was an international figure in 
the world of naval architecture; he served on 
many committees and published a number 
of notable papers. He was a member of the 
council of the Institution of Naval Architects, 
and of its scholarships and publications 
committee. He took a leading part in the 
organisation of the triennial International 
Towing Tank Conference and was an active 
member of several technical committees of 
the British Shipbuilding Research Associa- 
tion. The papers which Dr. Allan published 
deal with many _ different ship design 
problems, including scale effects on pro- 
pellers and shaft supports, the resistance of 
barges, hull forms for drifters, and the com- 
parison of ship trial results with model 
predictions. 
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British Electrical Power Convention 


PRESIDENTIAL ADDRESS 


The ninth British Electrical Power Convention opened at Eastbourne on Tuesday 
last when the presidential address was given by Sir Josiah Eccles, deputy chair- 
man (operations), Central Electricity Authority. Taking up the theme of his 
valedictory presidential address to the I.M.E.A. in 1948, Sir Josiah re-examined 
the relationship between electricity and the national economy. He discussed Great 
Britain’s problems as a manufacturing nation, facing rising costs at home and 
increasing competition abroad, and depending for her existence upon imported 


food and raw materials. 


To maintain competitive costs Great Britain required 


a new approach to industrial relationships and a new understanding between 

direction, management and labour. Sir Josiah went on to examine the role of 

electricity in minimising future economic difficulties, and abstracts from this part 
of his address are reproduced below. 


AVING set the stage, therefore, without 
attempting to minimise the future 
economic difficulties of life upon our island, 
let us see what we are doing, as an industry, 
to face the issues of our time. 

Apart from good human relations, our 
need is to translate into action and into 
ironmongery the scientific thinking and ex- 
perimentation of our Universities and other 
research units so as to produce equipment 
that can be sold in quantity at home and 
abroad. A corollary to this activity is that 
we must provide the electrical power that 
will enable people to use the products of our 
industry either as a means for increasing their 
own productivity or for making life more 
agreeable in the home. 

The amount of electricity produced 
now is double that being produced when we 
were gathered here in 1948. By improved 
efficiency of generation during the last nine 
years, we have saved over 31,000,000 tons of 
the country’s greatest national asset—coal. 

The electrical power plants now coming into 
production will generate nearly one and a half 
times the amount of electricity per ton of coal! 
used that was generated in 1956. Further- 
more, these large new generators enable the 
designer to get much more output from each 
ton of steel or copper employed in their con- 
struction. As an example, one might cite 
the 200MW alternators in which there is 
only 224 per cent of the copper and 50 per 
eent of the steel per megawatt of output that 
was used in the 30MW alternators of a 
decade ago. Raw copper and iron ore are 
imports and, hence, the vastly better use of 
these materials by the designer is not only 
reducing the real cost of his product but is 
making a direct contribution to the solution 
of our balance of payments problem. 

By employing larger machines operating at 
higher steam conditions, the unit capital cost 
of power stations has been held practically 
constant against a nearly 70 per cent increase 
in wages and material prices since 1948. In 
addition, the production of large units enables 
manufacturers to achieve a greater annual 
output for a given factory floor area and a 
given labour force. ; 

Side by side with these technical achieve- 
ments, one must place the increase in quantity 
of generating plant commissioned year by 
year. In 1947, the new generating plant 
brought into service in Britain had an output of 
only 370MW. Each year since then, we have 
raised the sights until, in 1956, no less than 
1937MW of new plant was added to the 
total. By way of illustration, in each two 
weeks of 1956, on average, we placed new 
generating capacity in service equal to the 
full output of the Calder Hall Station. 

The electrical manufacturing industry is 
now geared to an output of at least 2500MW 
of generating plant a year for the home 
market; the electricity supply industry is 





geared to the construction of power stations 
of this capacity annually for as long as the 
need is there, the capital is forthcoming and 
the fuel is available. If required, this rate of 
production can be stepped up. 

But the problems ef the future do not 
centre wholly upon the ability of manufac- 
turers to produce generating plant or the 
ability of the electricity supply industry to 
construct power stations to receive it. The 
future problems in this field centre upon the 
probable demand for electricity, the avail- 
ability of fuel from which electricity can be 
generated, the flow of capital that the country 
can sustain for electricity purposes and the 
need for a large scale demonstration of the 
commercial use of the newest form of power 
generation so that the foreign buyer may have 
confidence in our experience and our pro- 
ducts. 

The prediction of the future need for 
electricity is a very necessary but very tantalis- 
ing exercise. Our programmes of new genera- 
ting plant are based upon the most rational 
estimate of future demand that the experts 
and the realists can make. As each year 
passes, we have an additional quantum of 
experience on which to project the estimate 
for an extra twelve nionths into the future. 
For a product that is itself a basic necessity to 
the maintenance of full employment and 
industrial expansion, one cannot do other 
than assume the continuance of both of these 
conditions throughout the period of the 
forward estimate. The effects of railway 
electrification and the Clean Air Act, 1956, 
have also to be assessed. 

If coal supplies were assured for the full 
future programme, then it would be safe to 
limit the estimate to five years ahead, with 
firm commitments for only four years ahead. 
Unfortunately, we are not in this happy 
position. The best estimate that can be 
made at the moment shows that by 1965 there 
will be a shortage of coal for electricity pur- 
poses of some 17,000,000 tons a year. Now it 
is the plain duty of the generating authorities 
in Great Britain to ensure that their plant 
will be capable of using the kinds of fuel that 
will be available. Skill and judgment are 
needed in the selection of the plant and in the 
timing so that the maximum benefit will 
accrue to the nation as a whole. This is a 
matter in which the national interest is a 
very real thing and close collaboration and 
exchange of information amongst all the 
parties is essential. 

The main alternatives to coal are oil and 
nuclear energy. Oil is available now (despite 
temporary difficulties) and should be in good 
supply for the next ten years. Yet all our 
oil has to be imported and a large proportion 
of it comes from countries that are politically 
restive. Furthermore, the amount of world 
oil reserves (expressed in heat value) lies 
somewhere between 5 and 10 per cent of that 
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of the world’s coal reserves and, even at the 
present rate of consumption, oil will become 
scarce within a generation from now. One 
of many further considerations is that fuc] 
oil is the residue after the lighter fraction 
have been creamed off and, hence, so lor: 
as petrol, kerosene, diesel and lubricatiry: 
oils are produced in this country, there wi! 
be fuel oil to be consumed. 

The other alternative is nuclear energ,. 
Here, there is believed to be an almo:: 
unlimited supply of fuel made doubly attrac- 
tive by the prospect that, in the process of 
burning, it may be possible to produce «is 
much fuel as is consumed. This does not 
mean that we get something for nothing 
because fresh material has to be fed into the 
furnace but, in the process of combustion, 
this new material is converted into fuel. Jt 
is rather like feeding granite into a coal 
furnace, once it is well alight, to find it 
converted into an effective substitute for coal 
itself. To keep the process going, there must 
be a continuous supply of granite. 

It might be asked at this point why, if 
nuclear energy is so attractive, we cannot 
drop all other forms of development and go 
full out for nuclear electricity. One has to 
confess that there is considerable attraction 
in this thought and, speaking personally, 
there is no doubt in my mind that nuclear 
energy will ultimately become the main source 
of power in this country. But it cannot 
happen overnight. The new techniques must 
be mastered, stage by stage. The operating 
regime of the reactors must be developed to 
accord with that of the electricity load. 
Alternatively, the demand for electricity must 
be attuned to the operating requirements of 
the reactors ; and the real cost of nuclear 
power plants must be reduced if they are to 
come into universal use. 

As at present conceived in this country, the 
capital cost of nuclear power stations is two 
and a half to three times the cost of conven- 
tional stations of the same capacity. This 
has two immediate consequences. 

First, the early nuclear plants will have to 
be operated at the highest practicable load 
factors and everything possible will have to 
be done to ensure that reactors have a useful 
working life of at least twenty years if the 
cost per unit of electricity is to come within 
the competitive range. Since only about 
15 per cent of the national electrical load is 
continuous, it would not be economically 
practicable at present to have much more 
than 20 per cent of the generating capacity 
energised by nuclear reactors. When the 
need to step up this proportion arises, a good 
deal could be done to flatten the electricity 
load curve by the extensive adoption of three 
shift working throughout industry, by extend- 
ing the use of storage heating and air con- 
ditioning and by pumped storage. By that 
time the capital cost of reactors may be such 
that they can be operated economically at 
lower load factors. 

The second main consequence of a nuclear 
power programme is the need for a corres- 
pondingly large investment. Capital expendi- 
ture in the electricity supply industry means 
contracts for the boilermakers, the electrical 
plant manufacturers and the structural 
engineering contractors. This, in turn, means 
the purchase of materials and the employ- 
ment of labour. If the true cost per megawatt 
of nuclear power stations is two and half 
to three times the cost of conventional 
stations, then, presumably, the cost of 
materials and labour employed in producing 
these stations will be roughly in the same 
proportion. Not only must the British people 
provide the financial resources to enable this 
capital investment to be made but they must 
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do so in the knowledge that it will entail a 
proportionally large drain upon materials 
and labour in the execution of the contracts. 
This reasoning cannot be pursued further 
here but it will be apparent that, unless there 
is a substantial reduction in the real capital 
cost of nuclear power stations, the rate of 
investment may be a limiting factor on the 
speed of nuclear power development. 

None of these considerations should deter 
us from proceeding with the largest nuclear 
power programme that is required to meet 
the need and that the national economy can 
support. Indeed, we shall gain substantially 
in the long run from this programme in so far 
as we are thereby enabled to cut down the use 
of imported fuel. 

Furthermore, the commercial power sta- 
tions now under construction are an essential 
pioneering development through which we 
may gain the experience that will enable us 
to produce better and cheaper types. In 
addition, the programme upon which we have 
embarked is, in itself, a kind of chain reaction 
whereby the early stations will manufacture 
some of the fuel needed to operate the later, 
less expensive, designs. In one sense, the 
programme is an act of faith borne forward 
upon the wings of detailed and extensive 
researches in the belief that the difficulties are 
capable of being overcome and that, in 
particular, the life of the reactors will be 
sufficiently long to justify the economic 
hopes of all those who are committed to the 
enterprise. Finally, the programme is some- 
thing more than a means of filling the gap 
occasioned by the shortage of conventional 
fuels ; it is a demonstration and a shop 
window for all the world to see that Britain 
is prepared to play, and is capable of playing, 
the same role in the second industrial revolu- 
tion as she did in the first. 

How, then, do we find the world climate in 
1957? Clearly, in industrial effort and 
competitive endeavour, we are on the ground 
floor with other nations, many of whom are 
endeavouring to be self-sufficient through 
their own home production. We, on the 
other hand, must continue to import and 
export if we are to maintain our present 
population at their present standard of living. 

We import half our food, all our oil and 
two-thirds of our other raw materials. Our 
basic natural assets are coal, some wool and 
iron ore, and half our food. Our less tang- 
ible assets are integrity, energy, ingenuity, 
scientific knowledge, technical “* know-how ” 
and that ability to get on together which we 
enshrine in the phrase “good human 
relations.” 

Are these enough to enable us to hold our 
place ? I believe that they are or that they 
can be if we use the most economical methods 
of production to create the things that other 
people want and cannot themselves make, 
and gear our thinking to the realities of our 
situation. 

The secret of continued existence is adapt- 
ability to change. This does not mean a 
flabby acquiescence in things as they come 
but a recognition of facts and a readiness to 
plan our future in the light of their con- 
sequences. We cannot hope, we should not 
wish, to occupy our nineteenth century place 
in international politics. The nations are 
growing up and most of them wish to walk 
alone. But just as we have led the way in 
constitutional democratic government so, too, 
we can still lead these peoples to a better way 
of life and to higher standards of comfort by 
assisting them to develop their natural 
resources. In all this, science and engineering 
will play the dominant role and the electrical 
industry will be the medium through which 
most of it will find expression. 
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Generation Costs of Nuclear Power 


A paper on “* Nuclear Energy in Great Britain” by J. C. Duckworth and W. H.C. 
Pilling was presented for discussion at the British Electrical Power Convention, 


Eastbourne, on Wednesday last. 


In the first part of this paper the authors 
outlined Great Britain’s nuclear power programme to 1965. 


In the next 


part of the paper, abstracted below, the authors examined the costs of 

generating nuclear power. They concluded that the capital costs of the early 

nuclear power stations would be high (excluding initial fuel charge, up to three 

times the capital costs of up-to-date thermal plant) but that the cost per unit sent 
out would be reasonably competitive. 


CAPITAL CHARGES 


TH capital costs of the first nuclear stations, 
including access roads and other site develop- 
ment, engineering charges, &c., have been quoted 
as being in the region of £145 per kW sent-out, 
excluding initial fuel charges. Of this capital 
cost, nearly one-half is that of the reactor, heat 
exchangers and associated equipment (but ex- 
cluding the biological shield and other civil 
work for the reactor), about 30 per cent is for 
civil and building works, and the remainder 
includes the conventional plant. The cost of the 
initial fuel charge—sufficient on the average to 
operate a power station for a period of about 
five years—amounts to about £30 per kW sent 
out. Excluding fuel charges, the capital cost of 
the first stations will, therefore, approach three 
times the cost of the most modern and efficient 
conventional plant to be completed at about the 
same time ; and, if the fuel charges are included, 
the initial capital outlay will be greater than a 
conventional station by a factor of about 34. 

On conventional plant in this country it is cus- 
tomary to amortise capital charges over periods 
of twenty-five years for plant and forty years for 
buildings and civil works, the assumption being 
that it will prove economically favourable to 
replace plant (or subject it to major overhaul) 
within the compass of the existing civil and build- 
ing works, rather than to build a completely new 
power station. Whatever the arguments for or 
against this policy on conventional power sta- 
tions, it has been decided that it would not be 
logical to adopt it for nuclear stations. Because 
of temperature limitations in the early reactors, 
the steam temperatures and pressures at the first 
stations will be low by modern conventional 
standards, so that the steam turbines will be old 
fashioned according to present-day ideas. As 
reactor technology develops, it is confidently 
expected that higher steam temperatures will 
become possible. Moreover capital costs of 
later reactors are expected to fall considerably 
and it is unlikely for these reasons, when one of 
the earlier reactors has reached the end of its 
useful life, that it will be economically desirable 
to duplicate that type of reactor or to utilise 
the turbines already installed. It has therefore 
been decided to amortise the whole plant over the 
estimated useful life of the reactor. 

In the light of present knowledge and experi- 
ence, it is difficult to make a reliable estimate of 
the life of any particular type of reactor. It is 
worth recalling that the first nuclear chain reac- 
tion in the world was initiated in Chicago in 
1942, i.e. only fifteen years ago. The first large 
reactors (at Hanford, U.S.A.) have been operat- 
ing for only thirteen years, this being less than 
the life we now hope to obtain from our first 
commercial power stations, operating under 
more onerous conditions. However, one of the 
major advantages of the gas cooled thermal 
reactor is that it embodies, to a greater extent 
than any other type, experience already gained, 
and that it involves fewer fundamentally new 
engineering principles. It is not now considered 
that the life of this type of reactor will be limited 
by effects at present unknown. At the same time, 
in the absence of actual experience, it is still not 
possible to forecast accurately the limitations in 
life due to known effects, or even which factor 
will be the limiting one. Leaving out those 
plant items which could probably be replaced 
economically the lifetime of the reactor will 
probably be limited by one of the following : 

(a) Deterioration of the graphite structure. 

(6) Deterioration or distortion of the pressure 


BaP Deterioration of the concrete biological 
shield. 

The first of these may come about because of 
direct spoliation from thermal and radiation 
effects; because of inadequately controlled 
Wigner growth ; or because of mass transfer of 
graphite due to the reversible reaction of carbon 
with carbon-dioxide 


C+CO,=2 CO 


of which the equilibrium proportions and the 
rate of reaction are affected by temperature and 
radiation density. The final effect is likely to be 
that misalignment of the graphite structure will 
lead to progressive and finally prohibitive diffi- 
culty in operating the fuel charge and discharge 
mechanism. This, in effect, may also arise from 
the second cause (b) above—otherwise it is diffi- 
cult to see in what positive way the second two 
causes could lead to permanent shut-down, other 
than by spalling of the concrete or thinning 
of the pressure vessel shell to such an extent that 
safety appeared to be jeopardised. In carrying 
out the design of the first stations, these effects 
have been borne in mind, and long life with an 
adequate safety margin has been the goal. A 
life of twenty years for the reactor has, therefore, 
been considered permissible and has been taken 
as the amortisation period of the whole plant. 


OPERATING CHARGES 


There appears to be no reason why operating 
costs other than fuel costs should be markedly 
different from those of conventional stations, but 
at present we assume that they are slightly 
greater at about 0-06d per unit sent out. Fuel 
costs are much more difficult to compute and 
depend primarily on three factors : 

(a) The cost of replacement fuel. 

(6) The mean and maximum irradiation times 
obtained, and the fuel cycle adopted. 

(c) The value of irradiated fuel. 

The natural uranium replacement fuel (and 
the initial charge) is produced by orthodox means 
from a uranium bearing ore, and the cost can, 
therefore, be assessed by normal methods. The 
only difficulty here is the absence of a world 
market price for uranium ores, owing to the 
rapid development of mines primarily for 
military purposes. The fuel is contained in 
magnesium alloy cans, and the final machining 
and canning process adds appreciably to the cost. 

The throughput of fuel is determined by the 
degree of irradiation which can be achieved. 
The natural uranium metal contains only 0-7 per 
cent of the fissile uranium isotope of atomic 
weight 235, but the remainder—the isotope of 
atomic weight 238—is a “‘ breeder ’’ material, i.e. 
on capturing a neutron it decays in two stages 
to the fissile material plutonium of atomic 
weight 239. Since, under certain conditions, 
plutonium 239 is a better fuel than uranium 235, 
the early stages of burn-up of the original fuel 
can increase the reactivity of the pile, even though 
in gas cooled thermal reactors less plutonium 
atoms are produced than uranium atoms are 
used up (the conversion factor is less than unity). 
As the original uranium 235 is used up, however, * 
the total amount of fissile material decreases 
until the reactivity decreases, and eventually, if 
the fuel were left in the reactor, it would not be 
possible to sustain a chain reaction. The life- 
time of the fuel may, therefore, be limited by 
nuclear physics aspects, i.e. shortage of fissile 
material. One difficulty is that the fuel is used 
up more rapidly at the centre of the reactor than 
at the extremities, so that a selective cycle of fuel 
changes has to be set up. On the reactors to be 
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built for the C.E.A., this cycle will be a continuous 
process, and will be relatively straightforward 
once an equilibrium is established. Since, how- 
ever, the mean life of a fuel element in the reactor 
is in the region of five years, the approach to this 
equilibrium condition is a complex problem and 
the economic solution is dependent on the value 
credited to fuel of different irradiation levels. 

The other possible limitation on fuel life is a 
metallurgical one, depending on growth or dis- 
tortion of the uranium under irradiation and 
temperature cycling, and the ability of the can 
to remain leak-tight under these conditions. 
Experience on this is limited, but it is possible 
that the burst rate of fuel elements may become 
sufficiently high to render it uneconomic to retain 
them beyond a certain burn-up time. 

Present designs call for a mean burn-up time 
of approximately 3000MW-days per tonne of 
natural uranium fuel. The consumption of 
1 gramme of uranium 235 produces approxi- 
mately 1MW-day of heat, and the consumption 
of all the uranium 235 in 1 tonne of natural 
uranium (viz. 7 kg) therefore corresponds to a 
burn-up of about 7000MW-days. Present designs 
are based on the consumption of rather less than 
half the original uranium 235 present in the fuel. 

It follows that the spent fuel, when discharged, 
contains rather more than half the original 
uranium 235, and a quantity of plutonium 239, 
depending on the conversion factor. The 
remaining uranium 235 and the uranium 238 
may have some value in later reactor systems, 
but it is usual to assign a value to the irradiated 
fuel only because of its plutonium content. 
Plutonium produced by this degree of irradiation 
has no military value because it contains excessive 
plutonium 240, and its value is based solely on 
its possible future use as a fuel in later types of 
reactor. As such it certainly has considerable 
value but, since the method ‘of use depends on 
chemical, metallurgical and reactor methods as 
yet undeveloped, the exact value is difficult to 
assess. Pending the establishment of a true 
world market value, which may take many years, 
values are being agreed with the Atomic Energy 
Authority which are thought to be reasonable 
and which will form the basis of agreement for 
the next few years. 

Even when the costs and values described above 
are settled, the actual computation of fuel costs 
is not entirely a straightforward matter, since 
there is not a simple instantaneous throughput 
as in the case of coal. The original fuel is, in 
effect, a capital charge, and, during an assumed 
twenty-year life of the reactor, is changed on 
the average about four times. At the end of its 
life, the reactor contains its full complement of 
fuel which has value mainly because of its 
plutonium content. It has, therefore, been 
decided to calculate the fuel cost in three parts : 

(i) Interest on the initial capital investment in 
fuel. 

(ii) A sinking fund to cover the difference in 
value between the initial and final fuel comple- 
ments. 

(iii) The cost of fuel replaced. 

The first two of these are capital charges and 
account for about one-third of the total fuel cost. 
The fuel cost for determining “‘ order of merit ” 
of the station in the system is, therefore, strictly 
only the last of the three. Average costs over the 
life of the plant are worked out by this method, 
but the “ actual ”’ fuel cost of a unit of electricity 
at any one time in the life of the plant might be 
different, particularly in the first year or two 
before the equilibrium cycle is established, 
because the value of the discharged irradiated 
fuel will then be quite different from the average. 

Typical total costs for three stations, of capital 
costs of £145, £125 and £110 per kW installed, 
are shown in the table. The computation of 
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capital charges per unit due to construction costs 
are a matter of simple arithmetic once the interest 
rate and amortisation period are settled. Initial 
and replacement costs for fuel and the allowances 
for irradiated fuel, have not yet been finally 
agreed with the United Kingdom Atomic Energy 
Authority, and fuel costs are, therefore, given 
for two cases, in which the difference between the 
values of replacement and irradiated fuel is 
£10,000 per tonne and £15,000 per tonne, 
respectively. The agreed difference in value is 
expected to fall between these limits when the 
spent fuel has been irradiated to 3000MW-days 
pertonne. In thecalculations it has been assumed 
that the cost per kW of the initial complement of 
fuel remains constant as the overall cost per kW 
of the station falls. That is certainly pessimistic, 
but in the absence of more reliable estimates it 
has been taken as a safe assumption. In any 
case, the contribution of this item to the total 
generation cost is relatively small. In the table 
no allowance has been made for any royalty 
charges which may be paid to the United King- 
dom Atomic Energy Authority on later nuclear 
stations. 


FUTURE TRENDS 


The most obvious disadvantage of nuclear 
power stations at present is their high capital 
cost. In carrying out a large nuclear power 
programme an immense capital outlay is involved, 
even though ultimate generation costs may not 
be materially increased. Immediate efforts are, 
therefore, being made by all designers to reduce 
capital costs per kW sent out. 

The present type of gas-cooled thermal reactor, 
using natural uranium and solid rod fuel elements 
with magnesium alloy canning, has certainly not 
yet reached its zenith with the Bradwell, Berkeley 
and Scottish designs, great advance though these 
were on Calder Hall. It seems probable that, 
with improvements in engineering technique only, 
the cost of such a typical two-reactor station 
might well fall soon to a figure only slightly in 
excess of £100 per kW sent out, including the 
allowance for access road construction, electricity 
and water supplies, and engineering charges. 
At this capital cost, the overall generation cost 
of the nuclear station would be more directly 
competitive with that of modern conventional 
stations. 

Beyond this, the future becomes a good deal 
less clear, since a multitude of possibilities open 
up. So far as the gas-cooled thermal reactor is 
concerned, development must lie along two paths 
—first increasing the surface-to-volume ratio of 
the fuel element to increase heat ratings per ton 
of fuel and, secondly, a move to higher tempera- 
tures, both to increase heat ratings and to 
increase thermal efficiency throughout the plant. 
For technical reasons, these two steps may well 
be concurrent, since the first will demand a 
canning material of lower neutron absorption 
cross-section, for which beryllium seems the 
probable choice, and the use of beryllium can 
lead to the use of higher gas temperatures. To 
obtain the full benefit of the high temperature 
characteristics of beryllium, it may be necessary 
to use non-metallic uranium compounds as fuel 
and also to ensure that high temperatures do 
not adversely affect the graphite of the core or 
the steel of the pressure vessel. All these changes 
from the present designs will almost certainiy 
necessitate the use of enriched uranium to 
different degrees, and the eventual end to this 
series of designs is the high temperature gas- 
cooled thermal reactor now being studied at 
Harwell. 

It appears almost certain that the series of 
gas-cooled thermal reactor designs mentioned 
above has a great future, and it will be extremely 
difficult to put forward more economic designs 


Mlustrative Generation Costs for Early, and Short Term Development, Gas Cooled Thermal Reactors 
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for a period of many years. However, for large- 
scale power station use, investigations are sti)! 
proceeding into other types of reactors which 
might be feasible for completion in the mid and 
late 1960s—for example, the sodium graphite 
thermal reactor and the boiling water reactor 

and it may be that large-scale prototypes of sucti 
reactors may have to be built before their poten- 
tialities can be accurately 

At a later stage, perhaps in the late 1960s, 
whole new range of economic designs is likely 
to appear. The early reactors will all produc: 
plutonium as a by-product, and the whole 
British programme—by making an allowance for 
the value of this product from the early stations—. 
is based on the assumption that it can eventual, 
be burned later in the programme. It would be 
possible, if metallurgical considerations allow, to 
feed the plutonium back into the early reactors 
mixed with depleted uranium, and so obtain « 
greater burn-up of the uranium. The more 
likely solution, however, is to burn the plutonium 
in fast breeder reactors, an experimental proto- 
type of which is being built at Dounreay. Since 
in this type the conversion factor can be made 
well over unity (i.e. the reactor will breed, from 
uranium 238, more plutonium than it consumés), 
the depleted uranium can eventually be fully 
used as a fuel source and the maximum use 
made of the original uranium ore. Breeding 
cycles, probably in thermal homogeneous reac- 
tors, using thorium as the fertile material and 
uranium 233 as the fuel, are also possible once 
enough pure fissile material is available to get 
them started. 

The general tendency in all the systems men- 
tioned above is for the degree of enrichment of 
the fuel to increase, coupled with a decrease in 
core size of the reactor. This tends to lead to a 
steady reduction in capital cost per kW, but also 
to difficult engineering problems in removing 
large quantities of heat from small volumes, 
which in most cases necessitates the use of liquid 
metal coolants. 

It is not so easy to predict the trend in fuel 
costs. At first sight, it might appear that fuel 
costs would tend to increase, since expensive 
enriched materials will be used. However, at the 
same time much greater burn-ups will become 
possible, and which of these effects will predomi- 
nate it is difficult to say. Really high fuel burn- 
ups may depend on chemical processing at 
regular intervals, at a cost which it is hard to 
foresee. 

There seems no doubt, however, that total 
generation costs from nuclear power stations will 
continue to fall for a number of years. Present 
types of station can only compete at high load 
factors, because of their high capital cost, and 
it would certainly not be economic to build 
them to an extent where their combined capacity 
was above the level of demand at, say, 75 per 
cent load factor. The amount of winter demand 
of this load factor and above is expected to be 
about 8000MW to 9000MW by 1970, and every 
block of installed plant of roughly 2000MW 
above this has to operate at a load factor of 
approximately 5 per cent less on the average. 
Therefore, nuclear power stations must be com- 
petitive at lower load factors than 75 per cent if 
much more than about 9000MW is to be installed 
by 1970, and it is confidently expected that this 
will be the case. It may well be, especially if the 
lower capital cost stations have higher fuel 
costs, that a whole range of different type nuclear 
power stations is continually under construction, 
different types being most economic for different 
load factors. This, however, is highly conjectural, 
and the future is certainly bright but is far from 
clear! It is clear, however, that a very great 
reduction in capital cost per kW will be 
necessary before nuclear stations can compete 
with conventional stations at very low load 
factors, so that it is far from certain that only 
nuclear stations will be built after the late 1960s ; 
it may be that it will be economically desirable 
to build conventional stations for peak load 
operation for many decades yet to come. Whilst 
the exact course of future events is somewhat un- 
certain, there are good prospects of early reduc- 
tions in both capital and generating costs, and it 
seems certain that on its economic merit alone 
nuclear power is destined to play an ever in- 
creasing role’in augmenting the | energy resources 
of the nation. 
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Flow of Suspensions of Non-Cohesive 
Spherical Particles in Pipes 


By H. E. ROSE, D.Sc. (Eng.), Ph.D., M.I.Mech.E., M.I.C.E.,* and H. E. BARNACLE, 
B.Sc. (Eng.), A.M.I.Mech.E.f 


No. II—~{ Concluded from page 901, June 14) 


In this article, which forms the first part of a more comprehensive investigation, 
the pressure drop along a pipeline conveying suspensions of non-cohesive particles 
in air has been investigated and a simple formula covering the results is presented. 
It is shown that the pressure may, in the case of an inclined pipe, be divided into a 
Static pressure term, simply calculable from the vertical height between the pressure 
points and the density of the suspension, and a frictional term which depends upon 
the physical properties of the fluid and of the suspended solid, but not upon the 
angle of inclination of the pipe. Furthermore, it is shown that this frictional pressure 
drop may be calculated by the addition of the pressure drop for the fluid com- 
ponent alone, computed from normal pipe flow formule, and a term computed from 
the physical characteristics of the suspended solid and of the fluid by means of 
formule which have been developed in the article. It is suggested that the present 
treatment may form a basis for extended formule to include variables which 
have not been investigated in the present work. 


ANALYSIS OF THE GRouP (d/D) 


For the analysis of this group, air was used 
as the conveying fluid and horizontal pipes 
of lin and l4in diameter, respectively, were 
used. The group (m) was kept constant 
for each set of tests by using the appropriate 
air velocity in the selected pipe. The group 


(2) was maintained constant by confining 
i 

each set of tests to the same kind of material. 
By using the results of the previous analysis, 
a suitable weight rate of flow of the solids was 
selected which, for the particular values of 
the fluid velocity and pipe diameter selected 


to keep the group (m2) 


maintained constant the value of the group 


(sa) 
piv; D® . 


for certain selected pipe lengths was obtained 
by using the results of the analysis of the 
group(L/D). 

At this stage it is of interest to include, 
where possible, the results of other pub- 
lished work on the flow of suspensions in a 
pipe. It is apparent that the requirements 
of using, spherical or near spherical, and 
reasonably smooth solid particles would 
preclude the application of much of the 
published data to this analysis. However, 
results for solids such as sand can be 
included in an analysis of this dimension- 
less group since when a batch of those 
solids has been closely graded for size 


constant, also 





Finally, the pressure differential 





Notation 


C—Cohesive strength of the granular material, pounds per 
uare inch. 
d—Average diameter of the solid particles. 
D—Diameter of the pipe. : 
h—Head loss over a length of pipe. 
L—Length of pipe. : 
M,.—Mass rate of flow of the solid particles. 
P—Total pressure differential of suspension over length L. 
p—Pressure differential of fluid over length L when fluid only 
is flowing. é 
pr—Frictional pressure differential due to presence of solids. 
P:—Pressure differential arising from presence of solid phase. 
p.—Static pressure differential due to solid phase of the 
suspension. , } 

U—A dimensionless parameter defining the pipe roughness. 
Volume of fluid flowing/second 
Cross-sectional area of pipe 

Suffix 

W—Weight of substance flowing in unit time ) /= fluid 

w—Weight of unit volume of substance s=solid 
m= suspen- 





v;—Nominal fluid velocity= 


o—Density of substance. ol 
Z—A dimensionless parameter defining the shape of the 


iScosity of the fluid 

—V ity of the fluid. : 

6 —Angle of inclination of the pipe to the horizontal. 
—Friction factor. 


* University Reader in Mechanical Engineering, University of 
London, King’s College. vie : 

. Senior Lecturer in Mechanica )Engineering, Royal Military 
College of Science. 


and come from the same natural source, 
then their shape and roughness are likely to 
be constant for a given series of tests. 
Similarly, the effects of using a pipe of 
roughness different to that of the brass pipe 
used in the authors’ experiments do not 
enter into an analysis of the group (d/D) for 
during a set of readings, since the pipe 
roughness, although different, will not have 
varied during the test. 

The values of the various dimensionless 
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groups, for both the present work and that of 
others, in the analysis of the group (d/D) 
are shown in Table IV. 

The experimental values for the group 


ahd) D) plotted against the values 
of d/D are shown in Fig. 9. These curves 
are straight lines parallel to the axis of the 
value of d/D over the greater part of their 
length, although, for extremely low values 
of the ratio (d/D), there is a slight curvature. 
The slope of this portion of the curves is, 
however, very small and no significant error 
is introduced by the assumption that the 
curves are horizontal throughout their 
length. Thus it is concluded that the pressure 
differential group is independent of the ratio 
of the particle mean diameter to the dia- 
meter of the pipe. 


ANALYSIS OF THE GROUP (p/p;) 


The group p;vD/u was maintained constant 
for each set of readings by keeping the fluid 
velocity constant. The group M,/p;,D? was 
maintained constant, having fixed the values 
of the fluid velocity and pipe size, by keeping 
the weight rate of flow of the solid particles 
constant. The group (d/D) was kept con- 
stant by conveying a selection of suitably 
sized solids, i.e. constant size irrespective 
of their density. Finally, the group (L/D) 
was kept constant by measuring the pressure 
differential over a fixed length of pipe. 
Whilst in the case of the analysis of the group 





t An alphabetical list of references is given in the Appendix. 


TABLE IV—Values of the Dimensionless Groups Used in the Analysis of the Group (d/D) 





Curve Code 















































Material D’ LiD | fs M. owD Author 
conveyed et o1¥sD* v 
4 Mustard seed He 4 4 a bo py Present work 
a ra) Clover 0-50 86°4 1,060 0-84 38.800 Vogt and 
S Wheat 0-50 86-4 1,070 0-84 39,000 te 
B J Glass spheres He aes 3300 > 30,000 Present work 
«) 1-25 86-4 6,000 | 0-84 30,000 
Cc ° Iron shot 1-00 86-4 6,000 0-84 30,000 Present work 
D + Sand 1-00 36-0 2,300 1-68 20,000 Pinkus 
1-02 60-0 300 1-67 11,800 Belden and 
E x Catalyst 0-47 60-0 800 1-67 11/800 Kassel 
0-27 56-3 2,170 1-19 2,900 Harui and 
F . Sand 0-53 56-3 2'170 0-63 4,700 Molstad 
G Q Sand 0-50 86-4 2,100 0-84 20,000 Vogt and 
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Fig. 9—Graph relating $4(5) to 5 
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(d/D), some of the published results of other 
workers were included, in this case, variations 
of the shape and particles roughness of 
solids of the same size but different densities 
allow only a very limited application of their 
results to the analysis of this group. Thus 
only the results for the conveyance of the 
manufactured catalyst of Belden and Kassel 
are included. 

The values of the various dimensionless 
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of the pipe Reynolds number, the pressure 
differential group may be expressed as 


Pt) (£2), 
Logie ant =m logid 5, / Teonstant (16) 


and that for all curves, the average slope m 
can, without any significant error, be taken 
as 0-5. 

Thus the results of the analysis of the 
group ¢;(ps/p;) can be expressed as 





























groups used in the analysis of the group _-_ / (17) 
(ps/er) are shown in Table V. With the eve “No °° 
TaBLeE V—Values of the Dimensionless Groups Used in the Analysis of the Group (ps!) 
Code Material conveyed D’ LID d/D | Me euvD Author 
ov, D* u 
Mustard seed 0-063 
° Cast iron shot 1-25 | 86-4 0-016 0-84 40,000 Present work 
Glass spheres 0-016 
Mustard seed 0-063 
x Glass spheres 1-25 | 86-4 0-016 0-84 30,000 Present work 
Cast iron shot 0-016 
Mustard seed | 0-063 
A Glass spheres 1-25 | 86-4 0-016 0-84 20,000 Present work 
Cast iron shot | 0-016 =| 
| Mustard seed 0-063 
| Glass spheres 1-25 86-4 0-016 | 0-84 15,000 | Present work 
| Cast iron shot 0-016 | 
102 | 86-4 0-074 | 0-84 15,000 Belden and 
| Cotalyet | 20,000 Kassel 
t 














values of the dimensionless groups shown in 
Table V, the pressure differential was 
measured during the conveyance of the solid 
particles and the resulting values of the group 


P= tao were plotted against corre- 
a 
sponding value of p,/p: as shown in Fig. 10. 
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0 1000 2000 3000 4000 5000 6000 
p/P; 
Fig. 10—Graphs relating ¢,(p;/p1) to es/p7 


Examination of the curves of Fig. 10 
indicate the possibility of a law of the form 


(25)-42) 
and to investigate this, curves of 
Pj 
it 


la( piv? 
the resulting curves being shown in Fig. 11. 


These curves show that for a given value 


are plotted against logio(ps/py) ; 
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j Re ; 4 
Re = 20,000, | 
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Fig. 11—Graphs relating of 2 to ~ 


It should be noted that the present work is 
within the range 1000<p,/;<6000 and the 
graph, Fig. 10, should not be extrapolated far 
beyond this range ; in particular, the equa- 
tions should not be applied to the conveyance 
of solids by a liquid. 


ANALYSIS OF THE GROUP (¢;¥;D/2) 


For the analysis of this group, air was 
used as the conveying fluid and horizontal 
brass pipes lin and Ijin in diameter respec- 
tively were used. The group (L/D) was kept 
constant by using the result of the analysis 
of that group, and since it has been shown 
that the pressure differential is independent 
of the group (d/D), no attempt was made to 
keep that group constant for all of the solids 
used in the tests made. Solids were selected 
so that for each set of readings, the group 
(ps/e:) was kept constant, and no attempt 
was made at this stage to adjust the values 
of the pressure differential group for the 
effects of the ratio ps/py. 

By changing the fluid velocity in each of 
the pipes used, various values of the group 
(e:%D/u) were obtained, and for each of 
these values the weight rate of flow of the 
solids was adjusted so that the group 
(M,/ev,D*) was maintained constant. The 
values of the various groups resulting from 
this selection are shown in Table VI. 

From the measured pressure differential, 
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that, as would be expected, a cross plotting 
of the values shown in Fig. 10 yields values 
corresponding to those given in the graphs of 
Fig. 12. 

Further examination of the graphs shows 
that for each value of p,/p;, the resulting curve 


P 


for the group a has the same character, 
(if) 


and this suggests the possibility that when 
corrections for the density ratio group 
have been made, the results for this group 
may be analysed in terms of a friction factor/ 
Reynolds number curve in a manner similar 
to that for the flow of a homogeneous fluid. 
Since, however, this is the last group to be 
analysed, the results are included not as a 
separate group, but in a general equation 
for the frictional pressure differential as 
follows. 


GENERAL EQUATION FOR THE FRICTIONAI 
PRESSURE DIFFERENTIAL 


In an earlier section of this work, it has 


been shown ...... we general equation for 
the frictional pressure differential, p; is 
Pr 2) / d Ps 
one $;(9) x #(5) x o(—,) x45) x (2) 
a 2.4D 
<4), 


It has been shown that ¢,(6) is independent 
of 6, that ¢,(d/D) is independent of d/D, and 
¢(L/D) is directly proportional to L/D. 
Also, it has been shown that =" 

ni 
proportional to M,/p;4,D*; is proportional 
to the square root of the density ratio p,/p, 
and to some function ¢, (p;4%D/u). The general 
equation for the frictional pressure differential 
Py may thus be written 


is directly 


M; 


wy _ ft ee 
pv® =| D*N py” prmD** 








+(20) » (18) 


If now ¢, (on) be written as a friction 


factor y, then 


e_ {Lh Je _M, | (19) 
ev =| D’ a amD** Yt : 





where the friction factor 4 is given by the 
unique curve of Fig. 13. 


GENERAL EQUATION FOR THE TOTAL PRESSURE 
DIFFERENTIAL 


The total pressure differential required 
to maintain the steady flow of a suspension 


TABLE VI—Values of the Dimensionless Groups Used in the Analysis of the Group (p;,D/y) 





























Code Material conveyed Dp L/D d/D Palox M./owD* Author 
. 1-25 86-4 0-063 960 0-84 
* | Gewese | 33 | Set | Sem | ame | Se | yonity, 
ry Clover seed *S ° . ’ ° 
a Wheat seed 0-5 86-4 0-254 1,060 0-84 Vogt and White 
0) 1-25 86-4 0-016 2,300 0-84 
‘ Glass spheres 1-0 86-4 0-020 2,300 0-84 Present work 
1-25 86-4 0-016 6,000 0-84 
- Cast iron shot 1-0 86-4 0-020 6,000 0-84 Present work 
+ Catalyst 1-02 86-4 0-074 800 0-84 Belden and Kassel 














values of (py/p:v;*) were calculated and plot- 
ted against corresponding values of the group 
(e%D/z) as shown in Fig. 12. In addition 


to the results of the present work being 
shown in Fig. 12, it is possible to include 
those of Vogt and White for the conveyance 
of clover seed and wheat, and those of 
Belden and Kassel for the conveyance of a 
catalyst. It can be seen from these graphs 


of spherical, or near spherical, particles of a 
wide range of density and size, in a circular 
section straight smooth pipe, will be given by 


P=p+Dps+py (20) 


where p is the pressure drop of the conveying 
fluid, and p, and py are respectively the static 
and frictional pressure drops due to the 
presence of the solid phase. Written in full, 
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Fig. 12—Graphs relating $4( 2) t0 
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x Lsin 0| 


(21) 


and, in the case of the practical conveyance 
of solids by a gas, this can be simplified to 


W, 
~~ LW, 


os [ewe x 


x w XL sin 0| 


xl =x ¥] . (22) 


COMPARISON OF PREDICTED RESULTS WITH 
MEASURED RESULTS 


The general equation of this work has been 
evolved from the results of a series of selected 
experimental readings. These readings 
formed, however, only a small portion of the 
total experimental readings taken. Thus, to 
verify the application 
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adequate for the prediction of the head loss 
during the conveyance of suspensions of the 
kind studied, with an accuracy sufficient for 
many practical purposes. 


CONCLUSION 


The pressure differential required to main- 
tain the steady flow of a suspension of non- 
cohesive spherical, or near spherical, particles 
in a circular section smooth straight pipe has 
been studied and the results under these 
conditions may be conveniently summarised 
as follows :— 

(1) The total pressure differential for the 
conveyance of the suspension can 
expressed as the sum of three component 
pressure drops, namely, a pressure drop of 
the conveying fluid, a frictional pressure drop 
due to the presence of the solids and a static 
pressure drop also due to the presence of 
solids. 

(2) The pressure drop of the fluid may be 
calculated from any of the pipe flow formule 
applicable to a homogeneous fluid. 





of the equation to 


PRESENT WORK IN 1%" & I” DIAMETER PIPES 





predict experimental 
values for the pressure 
differential, more of 
the authors’ results, 





x =~ Musterd seed: 2:0mm. dia. 

® Gloss spheres: 1:25mm. die. 
@ Cast iron shot: 30 mesh a 
© Cast iron shot: 16 mesh 


© Glass spheres. 0-Smm. dia. 
© Glass spheres: 3-Omm. dia. 
Cast iron.shot: 20 mesh x 

@> Cast iron shot: 12 mesh ¢ 











together with some 20 
results of Vogt and 
White, are included in 
a plot of the calculated 


and measured pressure 
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differential as shown 
in Fig. 12. (For con- 
venience, the pressure 
differential is expressed 
0-2 


ce) 


| | 9 
| | x apee 





as the equivalent head 
loss in inches of water 
per foot length of 
pipe.) The results of 
other workers are ex- 


05 Ol 











cluded on the grounds 
of the solid shape 
and pipe roughness 
being factors beyond 
the scope of the 


Measured Total Head Loss — inches water / ft. pipe length 























present work. 

Examination of the 
curve of Fig. 14 shows 
the plotted points to 
lie closely to a straight 
line and that there is 
practically no system- 
atic curvature which would suggest a steady 
divergence between the values of the pre- 
dicted and measured head loss. 

In view of this it is considered that the 
general equation proposed in this work is 


Ol 
0-5 


0-2 
1-0 


0:3 
15 


0-4 
20 


0-5 
25 


Calculated Total Head Loss — inches water / ft. pipe length 
Fig. 14—Relationship between measured and calculated head loss for the flow 


of a suspension in a pipe 


(3) The static component may be calcu- 
lated in the normal manner for fluids pro- 
vided that the density of the suspension is 
used in place of the density of the fluid. The 
density of the suspension can be expressed 


0:000025 | 
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\ | x Cast iron shot. 
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Fig. 13—Graph relating friction factor } to pywD/y. 


most conveniently in terms of the weight 
rates of flow of the solid and fluid parts of 
the suspension. 

(4) The frictional pressure drop, due to the 
presence of the solids, is independent of the 
slope of the pipe, and of the size of the solid 
particles for values of d/D ranging from 
0-007 to 0-245. 

(5) The frictional pressure drop due to 
the presence of the solids is directly propor- 
tional to the values of the dimensional 
groups (L/D) and (M,/9,;v,D*) and the square 
root of the group (p./¢:). 

(6) The frictional pressure drop due to the 
presence of the solids is a function based on 
the Reynolds number for the flow of a homo- 
geneous fluid in the pipe and may be related 
to that Reynolds number by a friction factor, 
the value of which is given by the curve of 
Fig. 13. 

(7) The total pressure differential required 
for the steady flow of a suspension of 
spherical, or near spherical, solids in a pipe 
can be predicted by use of equation (22), and 
a reasonable accuracy is achieved for a 
particle-to-pipe size range of 0-007 to 0-245, 
a particle-to-fluid density ratio of 800 to 6000 
and for ratios of solid-to-fluid weight rates 
of from zero to approximately 6. 

Whilst no claim can be made for the appli- 
cation of the general equation of this work 
to suspensions of all kinds of fluids and 
solids, many of the factors affecting the 
pressure differential have been investigated. 
The effect of other dimensionless groups, such 
as those depending on particle shape and 
pipe roughness, has yet to be studied before 
a complete knowledge of the pressure 
differential can be available, but the present 
work gives a systematic method of dealing 
with the complete problem and should be 
capable of extension to include a study of 
these groups. 
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(d/D), some of the published results of other 
workers were included, in this case, variations 
of the shape and particles roughness of 
solids of the same size but different densities 
allow only a very limited application of their 
results to the analysis of this group. Thus 
only the results for the conveyance of the 
manufactured catalyst of Belden and Kassel 
are included. 

The values of the various dimensionless 
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of the pipe Reynolds number, the pressure 
differential group may be expressed as 
. *e Ps), 

logio( Ft.) =m log.s(£4)-+ constant : (16) 
and that for all curves, the average slope m 
can, without any significant error, be taken 
as 0-5. 

Thus the results of the analysis of the 
group ¢;(ps/p;) can be expressed as 
































groups used in the analysis of the group ae J Ps (17) 
(pe/e7) are shown in Table V. With the ev? “Vo °° 
TaBLeE V—Values of the Dimensionless Groups Used in the Analysis of the Group (es!) 
! | | 
Code Material conveyed D’ | L/D d|D M ed Author 
ew, D* u 
Mustard seed 0-063 ii 
° Cast iron shot 1-25 | 86-4 0-016 0-84 40,000 Present work 
Glass spheres 0-016 
Mustard seed } 0-063 
x Glass spheres 1:25 | 86-4 0-016 0-84 30,000 Present work 
iron shot | 0-016 
Mustard seed | | 0-063 
A Glass spheres 1-25 86-4 | 0-016 0-84 20,000 Present work 
Cast iron shot 0-016 
Mustard seed | 0-063 
Glass spheres 1-25 j 86-4 0-016 0-84 15,000 Present work 
Cast iron shot 0-016 | 
° | . 7 | . | 
| Cotalyst 1-02 | 86-4 0-074 0-84 isane | Belden and 











values of the dimensionless groups shown in 

Table V, the pressure differential was 

measured during the conveyance of the solid 

particles and the resulting values of the group 

P= tale were plotted against corre- 

sponding value of p/p; as shown in Fig. 10. 
1-2 
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PJP 
Fig. 10—Graphs relating ¢,(ps/1) to ps/pr 


Examination of the curves of Fig. 10 
indicate the possibility of a law of the form 


(a) -) 
and to investigate this, curves of 


logu( 5) are plotted against logyo(ps/py) ; 


the resulting curves being shown in Fig. 11. 
These curves show that for a given value 
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It should be noted that the present work is 
within the range 1000<p,/;<6000 and the 
graph, Fig. 10, should not be extrapolated far 
beyond this range ; in particular, the equa- 
tions should not be applied to the conveyance 
of solids by a liquid. 


ANALYSIS OF THE GROUP (¢;;D/2) 


For the analysis of this group, air was 
used as the conveying fluid and horizontal 
brass pipes lin and Idin in diameter respec- 
tively were used. The group (L/D) was kept 
constant by using the result of the analysis 
of that group, and since it has been shown 
that the pressure differential is independent 
of the group (d/D), no attempt was made to 
keep that group constant for all of the solids 
used in the tests made. Solids were selected 
so that for each set of readings, the group 
(ps/e:) was kept constant, and no attempt 
was made at this stage to adjust the values 
of the pressure differential group for the 
effects of the ratio ps/py. 

By changing the fluid velocity in each of 
the pipes used, various values of the group 
(e:%D/u) were obtained, and for each of 
these values the weight rate of flow of the 
solids was adjusted so that the group 
(M,/e;,.D") was maintained constant. The 
values of the various groups resulting from 
this selection are shown in Table VI. 

From the measured pressure differential, 
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that, as would be expected, a cross plotting 
of the values shown in Fig. 10 yields values 
corresponding to those given in the graphs of 
Fig. 12. 

Further examination of the graphs shows 
that for each value of p/p, the resulting curve 


for the group -, has the same character, 


and this suggests the possibility that when 
corrections for the density ratio group 
have been made, the results for this group 
may be analysed in terms of a friction factor/ 
Reynolds number curve in a manner similar 
to that for the flow of a homogeneous fluid. 
Since, however, this is the last group to be 
analysed, the results are included not as a 
separate group, but in a general equation 
for the frictional pressure differential as 
follows. 


GENERAL EQUATION FOR THE FRICTIONAI 
PRESSURE DIFFERENTIAL 


In an earlier section of this work, it has 
been shown that the general equation for 
the frictional pressure differential, py is 


2L.—640)x4,( 5) x4 ahs) x5) x oa(®) 
x (22), 


It has been shown that ¢,(9) is independent 
of 6, that ¢,(d/D) is independent of d/D, and 
¢{L/D) is directly proportional to L/D. 


Also, it has been shown that ~ is directly 
a" 


proportional to M,/p;4D*; is proportional 
to the square root of the density ratio p,/p; 
and to some function ¢, (p;4.D/u). The general 
equation for the frictional pressure differential 
Py may thus be written 


wy _{L M, 


Les 


emD) | 
pi? | D*N ey” pi D** #y( )} » (18) 


U 
v,D —_ 
If now ¢, (22) be written as a friction 
factor ¥, then 


[tft Ms 
{fg a}. «0 


Pt 


pve 
where the friction factor » is given by the 
unique curve of Fig. 13. 
GENERAL EQUATION FOR THE TOTAL PRESSURE 
DIFFERENTIAL 


The total pressure differential required 
to maintain the steady flow of a suspension 


TaBLE VI—Values of the Dimensionless Groups Used in the Analysis of the Group (¢i,D/y) 





























Code Material conveyed yD L/D a/D Plex M./o., D* Author 
* 1-25 86-4 0-063 960 0-84 
my Mustard seed 1-0 86-4 9-063 1208 0-84 Present work 
r seed 0-5 . . j . 
« Whest seed 0-5 86-4 0-254 1,060 0-84 Vogt and White 
> 1-25 86-4 0-016 2,300 0-84 
r) Gem ghee 1-0 86-4 0-020 2,300 0-84 Present work 
1-25 86-4 0-016 6,000 0:84 
- Cast iron shot 1-0 86-4 0-020 6,000 0-84 Present work 
+ Catalyst 1-02 86°4 0-074 800 0-84 Belden and Kassel 














values of (py/p:v;7) were calculated and plot- 
ted against corresponding values of the group 
(e%D/z) as shown in Fig. 12. In addition 
to the results of the present work being 
shown in Fig. 12, it is possible to include 
those of Vogt and White for the conveyance 
of clover seed and wheat, and those of 
Belden and Kassel for the conveyance of a 
catalyst. It can be seen from these graphs 


of spherical, or near spherical, particles of a 
wide range of density and size, in a circular 
section straight smooth pipe, will be given by 


P=p+ps+py (20) 


where p is the pressure drop of the conveying 
fluid, and p, and py are respectively the static 
and frictional pressure drops due to the 
presence of the solid phase. Written in full, 
























June 21, 1957 


THE ENGINEER 





























































































10 0:000025 
A /A- 

6000 —+———». x Cast iron shot. 
8 ae oo0020 ‘a 

800 © Catalyst. 

ee 
Re os 5 0-000015 
2”) Me 5 lg | g 
0-4+- <4 mM oo py < 0-000010 , { ° 
++. +—4—_, — | dj x 
+2.—_—_— pat 0-000005——_| | 1 iG Gabe dees 
| | 
0 | Sage Doin. 
40,000 | i 
10,000 10,000 20,000 30,000 40,000 
pin 
i p 
1D 
Fig. 12—Graphs relating 4(™) to = Fig. 13—Graph relating friction factor | to pyD/u 
p Wawhwe— WO 5 gin 0| adequate for the prediction of the head loss most conveniently in terms of the weight 
PY L Wait Win, during the conveyance of suspensions of the rates of flow of the solid and fluid parts of 


Lc M, [Ps ] 
\ Te enon, a é 
| [emi XD* ov, D** rita 
(21) 


and, in the case of the practical conveyance 
of solids by a gas, this can be simplified to 


W, : 
P=p+ Wx wixL sin 0 | 


LM, [Ps 
0 cee Off snmnieterreee tnd 
+[em *D* pv, D** a4 ; (22) 


COMPARISON OF PREDICTED RESULTS WITH 
MEASURED RESULTS 


The general equation of this work has been 
evolved from the results of a series of selected 
experimental readings. These readings 
formed, however, only a small portion of the 
total experimental readings taken. Thus, to 
verify the application : 
25 05 


kind studied, with an accuracy sufficient for 
many practical purposes. 


CONCLUSION 


The pressure differential required to main- 
tain the steady flow of a suspension of non- 
cohesive spherical, or near spherical, particles 
in a circular section smooth straight pipe has 
been studied and the results under these 
conditions may be conveniently summarised 
as follows :— 

(1) The total pressure differential for the 
conveyance of the suspension can be 
expressed as the sum of three component 
pressure drops, namely, a pressure drop of 
the conveying fluid, a frictional pressure drop 
due to the presence of the solids and a static 
pressure drop also due to the presence of 
solids. 

(2) The pressure drop of the fluid may be 
calculated from any of the pipe flow formule 
applicable to a homogeneous fluid. 





of the equation to 
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predict experimental 
values for the pressure 
differential, more of 
the authors’ results, 
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together with some 20 O4F 
results of Vogt and 
White, are included in 
a plot of the calculated 


and measured pressure 03 
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differential as shown 
in Fig. 12. (For con- 
venience, the pressure 
differential is expressed 





as the equivalent head 
loss in inches of water 
per foot length of 
pipe.) The results of 
other workers are ex- 
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cluded on the grounds 
of the solid shape 
and pipe roughness 
being factors beyond 
the scope of the 
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present work. 

Examination of the 
curve of Fig. 14 shows 
the plotted points to 
lie closely to a straight 
line and that there is 
practically no system- 
atic curvature which would suggest a steady 
divergence between the values of the pre- 
dicted and measured head loss. 

In view of this it is considered that the 
general equation proposed in this work is 


0-5 
Calculated Total Head Loss — inches water / ft. pipe length 


Fig. 14—Relationship between measured and calculated head loss for the flow 
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of a suspension in a pipe 


(3) The static component may be calcu- 
lated in the normal manner for fluids pro- 
vided that the density of the suspension is 
used in place of the density of the fluid. The 
density of the suspension can be expressed 





the suspension. 

(4) The frictional pressure drop, due to the 
presence of the solids, is independent of the 
slope of the pipe, and of the size of the solid 
particles for values of d/D ranging from 
0-007 to 0-245. 

(5) The frictional pressure drop due to 
the presence of the solids is directly propor- 
tional to the values of the dimensional 
groups (L/D) and (M,/;v,D*) and the square 
root of the group (p./¢:). 

(6) The frictional pressure drop due to the 
presence of the solids is a function based on 
the Reynolds number for the flow of a homo- 
geneous fluid in the pipe and may be related 
to that Reynolds number by a friction factor, 
the value of which is given by the curve of 
Fig. 13. 

(7) The total pressure differential required 
for the steady flow of a suspension of 
spherical, or near spherical, solids in a pipe 
can be predicted by use of equation (22), and 
a reasonable accuracy is achieved for a 
particle-to-pipe size range of 0-007 to 0-245, 
a particle-to-fluid density ratio of 800 to 6000 
and for ratios of solid-to-fluid weight rates 
of from zero to approximately 6. 

Whilst no claim can be made for the appli- 
cation of the general equation of this work 
to suspensions of all kinds of fluids and 
solids, many of the factors affecting the 
pressure differential have been investigated. 
The effect of other dimensionless groups, such 
as those depending on particle shape and 
pipe roughness, has yet to be studied before 
a complete knowledge of the pressure 
differential can be available, but the present 
work gives a systematic method of dealing 
with the complete problem and should be 
capable of extension to include a study of 
these groups. 
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The Leica Camera 


By H. G. CONWAY, M.I.Mech.E., F.R.Ae.S. 


IRST produced in 1925, the Leica camera 

has since that time been internationally 
accepted as a remarkable precision instru- 
ment capable of producing photographic 
negatives of the highest quality in spite of the 
diminutive 24mm by 36mm picture format. 

For thirty-two years the camera has been 
developed continuously without much altera- 
tion to its basic specification: thirty-six 
exposures each 24mm by 36mm on a Sft 
length of 35mm motion-picture type film 
stock ; focal plane shutter moving across the 
long side of the film panel ; interlocked film, 
wind and shutter release ; 5cm standard and 
a wide variety of other interchangeable lenses 
of various focal lengths, &c. Major improve- 
ments such as a coupled range-finder, slow 
shutter speeds down to one second, flash 
synchronisation, &c., were added from time 
to time. Major internal design changes to 
the camera have been surprisingly few, the 
first major alteration being made about 
1940-41, when the pressed brass body was 
replaced with a one-piece light alloy die 
casting of considerably greater rigidity, and 
more suitable for the suspension of heavy 
long-focus lenses. The few basic changes 
that have been made are on the one hand a 
tribute to the excellence of the original design 
and, on the other hand, a result of a deliberate 
policy of gradual improvement, introduced 
in such a way as not to render the earlier 
cameras obsolete. Indeed, many improve- 
ments can be incorporated by the maker’s 
repair department in -older models. The 
reputation of the Leica camera has been 
built up on first-class engineering design, 
rigid manufacturing specifications and a 
great deal of craftsmanship during final 
assembly. A certain conservatism can be 
noted in the camera design, the introduction 
of features seen in competitive cameras (such 
as a detachable camera back, or a bayonet 
lens mounting) being deliberately resisted 
until the introduction recently of the new 
model M.3 referred to below. 

The design, although basically simple, is 
of considerable detail complexity. The basic 
camera design of the wartime model IIIC is. 
seen in the drawings opposite. Many of the 
detail design features are worth description. 
Note an ingenious change introduced to the 
film counter (top left); this was originally 
friction held to the winder knob, and 
could thus be set to No. 1 when the 
camera was loaded, the knob itself stop- 
ping automatically at the next number 
each time the film was wound on. In the 
modified construction the counter disc 
does not rotate with the knob but is geared 
to it by a pair of epicyclic gears which allow 
the counter to advance one division for one 
turn of the knob. The dial itself is 
held to the inner hub by a flat spring ratchet, 
enabling it to be advanced one way to zero 
when a new film is loaded. Note the coiled 
spring friction brake or “ ratchet” on the 
main film-spool spindle, allowing it to rotate 
forwards only ; this feature was replaced, 
however, on later models with a more positive 
normal type of pawl ratchet. 

The range-finder and viewing telescopes are 
shown at the bottom of the page. The range- 
finder is of the normal hinged prism type, 
supetimposing a separated image by reflection 


on’a primary image seen directly through the 
range-finder telescope. The prism—see detail © 


$f operating mechanism on right of page—is 
attached to a hinged lever operated by a cam 
which is rotated by.another lever.fitted witha. 





roller in contact with the rear end of the 
lens barrel. By arranging the focusing 
thread on the lens mount to have the appro- 
priate lead, the range-finder is coupled to the 
lens motion for any one of several focal 
lengths of lens. Another detail (bottom 
right) illustrates a typical Scm F3-5 four 
element lens in section ; the lens itself can 
be collapsed in its mount and locked in the 
extended position by a bayonet. 

The shutter is of the focal plane type, 
namely consisting of two blinds that traverse 
the picture area spaced apart by an appro- 
priate distance to give the required exposure 
time and arranged to overlap again at the 
end of the exposure to allow resetting without 
further exposure to the film. The blind 
traverse time is 22-24 milli-seconds, over a 
frame distance of 36mm, or a mean traverse 
speed of 1-5mm per milli-second. Thus, an 
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Early production model ; Model III F, and Model M.3 
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exposure of one-hundredth second requires a 


slit width of 15mm. In practice the blind 
accelerates slightly as it traverses the frame 
and the blind rollers are arranged to widen 
the slit slightly as the blinds traverse, this 
obviously being important at the maximum 
speed setting of one-thousandth second 
(where the nominal slit width is only 1- 5mm). 
The acceleration effect is also minimised by a 
12 to 14 milli-second initial delay from the 
release moment until the first blind reaches 
the picture area, this allowing the blind 
velocity to settle down somewhat. 

The blind mechanism is shown diagrammati- 
cally (centre bottom). The blinds themselves 
(of rubberised fabric) are directly cemented 
at one end to a drum and at the other to 
pulleys by means of tapes. The “ outer” 
ends of the blind assemblies are attached 
to drums which contain steel torsion shutter 
traverse springs; the tension of these 
springs is set by worm and wheel mechanisms 
at the lower end of each spring spindle to 
give the required traverse time as indicated 
by an electronic timing device. A section 
of the later type of drum 
assembly is shown 
(top right) ; note the 
small ball bearing at 
the top bearing, where 
the spring reaction and 
thus friction is the 
greatest. Early models 
had a plain bearing at 
this point. 

The operation of the 
shutter can be under- 
stood from the per- 
spective view, which 
has been reduced to 
essentials for clarity. 
The shutter, assumed 
to be closed or 
““ capped,” is wound to 
the right and held fully 
wound by the gear 
train at the bottom 
right. Release occurs 
when the shutter button 
is pressed to release the 
dog clutch in this gear 
train assembly, the 
blinds traversing 
under the action of 
the torsion springs 
drums. The central 
drum spindle to which 
is attached the two 
first blind tape pulleys 
connects to _ the 
second blind drum 
when the connecting 
pin is first struck by 
the arm on the upper 
pulley, and then reaches 
the end of the “banana” 
shaped slot in the 
second blind drum. 
The purpose of this slot 
is to allow enough free 
travel to cap the shutter 
properly. When the 
shutter is fully wound 
to the right the second 
blind catch engages the 
second blind release 
pawl, in the position 
shown, although in fact 
the film advance gear 
train holds the blinds 
with a small clearance 
between pawl and 
catch, When the 
shutter is released the 
first - blind. -traverses 


ao 


fully but the second in the wind-on 
blind is at once caught by the pawl. When 
the first blind has travelled a given dis- 
tance (depending on the speed setting) the 
striker knob at the top of the first blind spindle 
strikes the pawl pin and releases the second 
blind to follow the first. The slowest speed 
setting normally obtainable (one-thirtieth 
second) is obtained by striking the pawl 
when the first blind has virtually finished its 
travel, the highest speed (one-thousandth 
second) being obtained by releasing imme- 
diately. The speed variation is obtained 
by altering the angular position of the 
striker knob on its spindle. Speeds between 
one-thirtieth second and one second are 
obtained by engaging a subsidiary escape- 
ment mechanism which delays the rotation 
of the second blind catch even more after 
the pawl has been struck. 

Later models of the camera were fitted 
extensively with small ball races on the 
shutter mechanism to improve the silence, 
smoothness and reliability of the operation. 
A detail (middle right) shows a section 
of the modified ball bearing mounted 
drum assembly. An _ interesting minor 
detail will be noted in the reduced dia- 
meter at the lower end of the speed dial 
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positioning pin. As the holes for the 
one-five hundredth and _ one-thousandth 
second are so close together, the latter speed 
uses a smaller hole engaged by the smaller 
projecting diameter. 

The latest Leica camera—the M.3— 
has’ undoubtedly been stimulated by com- 
petition in various countries, not the 
least being Japan, and is a remarkable 
design incorporating many important 
innovations. The general design is some- 
what larger and heavier ; the lens mount 
has a bayonet fitting instantly released 
on pressing a catch and turning the lens ; 
the camera back is hinged and has a ground 
and polished glass pressure plate in contrast 
to the usual pressed steel plate. The film 
advance is by a double action of a lever, in 
place of a knob requiring turning. Perhaps 
the outstanding feature, however, is the 
single combined view and _ range-finder 
window showing the field of view correctly 
and adjusted automatically for several focal 
lengths of lens, and allowing focusing on 
the central area of the image. No details 
of the camera’s internal construction are yet 
available ; the amateur mechanic hesitates 
to dismantle so expensive a mechanism to 
“* see how it works.” 


Churchward’s Locomotives: The 
Origin of Species? 


By E. C, POULTNEY, O.B.E. 


The importance of the work done by G. J. Churchward at Swindon during the 
latter part of the last and the early years of the present century is universally 
acknowledged, as is also the fact, frequently remarked upon, that the range of 
standard locomotive types then built for the Great Western Railway resembled 
in many respects, both in design and construction, practice followed in North 


America. 


The object of the present article is to illustrate certain examples of 


contemporary American locomotives incorporating certain features introduced at 
Swindon when the basic designs for Churchward’s standard engines of the two- 
cylinder classes were prepared over a period extending from 1896 to 1903. 


N the course of a contribution to THE 

ENGINEER of November 23 and 30 last 
year, “‘ Notable Locomotives of 1906,” the 
writer suggested that the standard form of 
boiler developed by Churchward and first 
constructed in 1903 seemed to be based on a 
design due to the Brooks Locomotive Works, 
Dunkirk, N.Y., U.S.A., and used for loco- 
motives built for the Great Northern and 
the Illinois Central Railways. In this con- 
nection, therefore, the illustration (Fig. 1) 
of a large engine of the 4-8-0 type built for 
heavy freight services on the Illinois Central 
in 1899 will be of interest. It will be noted 
that the boiler is in all essential respects like 
the standard Swindon No. 1 boiler when 
first introduced. The Belpaire pattern of 
firebox with the curved side plates of the 
outer wrapper and the sloping crown in 
conjunction with a tapered rear course for 
the boiler barrel are clearly shown, as is 
also the taper in the width of the firebox from 
the throat plate to the back head. All these 
features will be recognised on Swindonengines 
of the period. One of the Swindon designs 
which caused much comment at the turn of the 
century was Churchward’s remarkable six- 
coupled express locomotive of the 4-6-0 
type, No. 100, completed in 1902. This 
remarkable locomotive represented a com- 
plete break away from previous Great 
Western practice. In many respects current 
American principles of design and construc- 
tion were~strongly marked ; perhaps more 
especially was this true of the front end 
construction involving outside cylinders with 


inside valve chests, arranged rather higher 
than the cylinders. Each of the two cylinder 
castings comprised a half saddle, the two 
being bolted together on the engine centre 
line, thus forming a support for the cylindrical 
smokebox. Piston valves were fitted, actuated 
by a simple design of Stephenson’s valve 
gear, the arrangement being like that 
largely used in American practice of the 
period. 

To accommodate the type of cylinder 
castings employed, the front section of the 
engine framing consisted of two rectangular 
bars extending from the rear of the cylinder 
castings to the front buffer beam. The 
cylinders rested on and were secured to 
these bars, which were fixed to plate 
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frames of the usual type extending back to 
the rear of the engine. 

A further American feature was seen in 
the leading four-wheeled bogie, which had a 
bar type of frame construction and was of 
the swing link pattern. Yet another feature 
again universally found in American practice 
was the use of compensating beams connect- 
ing the springs for the coupled axles. It 
may, however, be said that these two 
American features, namely, the swing link 
lateral control of the four-wheeled bogie and 
compensated spring gear, were not peculiar 
to Swindon-built locomotives, though the 
actual construction of the bogie in respect 
to the framing was entirely novel. In connec- 
tion with this Swindon locomotive, that 
illustrated by Fig. 2 will be of interest as 
showing an excellent example of a 4-6-0 
fast passenger engine, representative of con- 
temporary American designing. This par- 
ticular engine represents some built by 
Brooks in 1900 for fast passenger traffic 
on the Lake Shore and Michigan Southern. 
The arrangement of the cylinders and the 
valves of the piston type is clearly shown to 
resemble that used for Churchward’s famous 
engine of 1902. The valve gear was also 
probably as employed for the Swindon 
engine, as it was used extensively by most 
builders, including Brooks, at that time. 

One of the improvements inaugurated at 
Swindon when the standard engines were 
designed was the use of piston valves having 
a relatively long steam lap, involving a corre- 
spondingly long valve travel. The feature 
of using a negative “ lead ”’ in full gear with 
Stephenson’s valve gear was also employed, 
With this in mind, the engine shown by 
Fig. 4 will be of interest. Built in 1899, 
three of these 4-4-2 “ Atlantics ” were turned 
out of the Altoona Shops of the Pennsylvania 
Railway, specially designed for very fast 
passenger service on the West Jersey and 
Seashore Division between Camden and 
Atlantic City, N.J. For these services 
operating between Philadelphia and Atlantic 
City, the competing line, the Philadelphia 
and Reading, had successfully introduced 
“ Atlantic” type locomotives, which 
prompted this Pennsylvania example of the 
same type designed by Axel S. Voght, one 
of the foremost engineers of his time. These 
engines were remarkable in many respects, 
notably for the light design of the motion 
and for the care exercised in the design of 
the cylinders, particularly in respect to the 
steam and exhaust ports. To this end, the 
204in by 26in cylinders had steam ports 
l4in by 20in and American balanced slide 
valves having a 14in steam lap and the long 
full gear travel of 7in, together with a negative 
full gear “lead” of 1/;,in. While very 
successful, objection was raised to the position 
of the cab, the driver and fireman being 
separated; accordingly in 1900 a revised 
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Fig. 2—Express passenger locomotive, Lake Shore and Michigan Southern, 1900 


design was built with a modified boiler having 
a firebox of less width, which allowed the 
cab to be arranged in its more conventional 
position at the back of the boiler. In other 
respects, these engines were similar, having 
the same sized cylinders and the same running 
gear. Later, the design was again modified 
to include a Belpaire boiler and larger 
cylinders. 

Reference may be made to a letter in THE 
ENGINEER of August 26, 1904, giving par- 
ticulars of these engines and their perform- 
ance. At the time these “ Atlantics ” were 
being developed, some of an entirely new 
type were concurrently built by the Brooks 
Locomotive Works and by the Baldwin 
Locomotive Works for fast passenger traffic 
on the Lake Shore and Michigan Southern 
and for medium speed services on the Chicago 
Burlington and Quincy Railways respec- 
tively. The Brooks engine designed by John 
Player, the builders’ chief engineer, is shown 
by Fig. 3, and is specially interesting as being 
not only representative of American practice, 
so far as detailed construction is concerned 
at that period (1901), but as being possibly 
the most powerful of the six-coupled type 
then in service by reason of the large boiler 
made possible by the 2-6-2 wheel arrange- 
ment. These examples of 4-6-0 and 2-6-2 
type engines are further interesting, as each 





has the same size driving wheels and about 
the same tractive effort, but differ consider- 
ably in boiler capacity, as will be noted from 
the dimensions given in the tabular statement. 
The Baldwin design is of particular interest on 
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Stephenson’s valve gear fitted between the 
frames operated the valves through the 
medium of rocking levers. A point about 
the Brooks 2-6-2 engines which may be of 
interest is the method used for supporting 
the slide bars, which appears to be similar 
to the arrangement adopted at Swindon for 
certain classes of the two-cylinder standard 
engines. 

The many. notable locomotives introduced 
by G. J. Churchward undoubtedly set a high 
standard of performance and as, in several 
respects, their design was derived from con- 


temporary practice in North America, the 


writer believes that the examples of American 
engines illustrated will be found interesting. 
It seems true to say that the work done at 
Swindon during the period under notice 
contributed largely to the development of 
the modern British steam locomotive, and 
for that reason it will long be remembered, 
while the fact that, as recently as February 8 
last, THE ENGINEER made editorial reference 
to this subject prompts the writer to express 
the hope that readers may find something 
interesting in the foregoing remarks, together 





Fig. 4—*‘ Atlantic ’’ locomotive, Pennsylvania Railway, 1899 


account of the fact that the outside cylinders 
had outside valve chests for the piston valves, 
the cylinder castings with half saddles being 
for all practical purposes like the design 
adopted as standard at Swindon in 1903. 


Dimensions of American Locomotives 1899-1901 
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ae ae ee eS ee ee | LC.R P.R. | L.S. and M.S.| C.B. and Q 
TYPE ee a ere ces] AO | 6 | 40. | 262 2-6-2 
Cylinders, diameter and stroke, inches ... ... ... ...| 23 x 30 | 20 x 28 204 x 26 204 x 28 20 x 24 
Driving wheels, diameter. inches ... ... 00.0... ess! 57 | 80 80 80 64 
Boiler working steam pressure, pounds per square inch... 210 | 200 185 200 200 
Total heating surface, square feet ... .. “a set. tae 3,494 2,890 2,320 3,597 2,800 
Grate area, square feet ... ... 37°5 36°6 68 48-5 51-7 
Weight on : 

Driving wheels, pounds... ... ... ... .. « 193,200 135,000 101,550 142,700 129,600 

Engine, pounds... .. Sas ads Wiese 232,200 172,500 173,450 190,200 168,500 

— CM MD ns ves sac eve aed 364,200 300,500 263,450 320,200 274,500 
Rated tractive force at 85 per cent B.P., pounds... ... 49,700 23,800 21,480 25,000 5,600 
ES ik ns, ian, ote ine». mh ee) jm 3: 5:68 4:72 5-61 5: 
Tractive force+grate area... 2.0.0 60.0 6c. cee cee ee 1,320 653 316 516 496 
Heating surface+grate area... 6k. cee tee ae 93-1 79 | 34- 74:1 54-2 
WEE civ. sas ins, ave 1 z 4 3 —_ 











Fig. 3—‘“‘ Prairie’ type express locomotive, 





Lake Shore and Michigan Southern, 1901 





with the locomotives illustrating this article. 
Whether or not, however, they can be taken 
as portraying the “ Origin of the Species ” 
the writer cannot say. Perhaps it may be 
conceded that some circumstantial evidence 
exists ? 

Particulars of the American locomotives 
mentioned are given in the accompanying 
table. For the photographs other than that 
of the Pennsylvania “ Atlantic,” the writer 
is much indebted to the librarian, the Stevens 
a of Technology, Hoboken, N.J.. 





Rocket Symposium 


A SYMPOSIUM on High Altitude and Satellite 
Rockets, organised jointly by the Royal Aero- 
nautical Society, the British Interplanetary 
Society, and the College of Aeronautics, will 
take place at Cranfield on July 18-20, 1957. It 
is intended to bring together workers in the 
rocket and missile fields, scientists engaged in 
high altitude rocket investigations, and others 
with similar interests, to discuss future non- 
military applications and developments of 
rockets. 
~ Among the lectures, which will be followed 
by discussion periods, are “ Propulsion Prob- 
lems ”’ by Professor A. D. Baxter, “ Design 
Problems ” by K. J. Bossart (Convair-Astro- 
nautics), “Re-entry and Recovery” by Dr. 
W. F. Hilton and Dr. N. C. Freeman, and 
“* Psycho-Physiological Hazards. of Satellite 
Flight ” by Lt.-Col. J. P. Henry. 

Application forms are available from the 
Warden, College of Aeronautics, Cranfield, 
Bletchley, Bucks, and should be returned not 
later than June 29, 
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No. I 


The discharge of gas from a cylinder to atmosphere in a 
running engine with variable cylinder length and both outflow 
and inflow through piston-controlled exhaust ports is 
analysed by the method of characteristics. 
confirms that the mode of discharge is by wave action which 
persists even after the discharge process is over. An experi- 
mental investigation on a running engine is described. The 
experiments confirmed that the mode of discharge was by wave 
action which persisted after the discharge was completed. 
Arising out of the experiments it is concluded that a depres- 
sion of the magnitude claimed by Kadenacy could be 
obtained on an engine with no exhaust appurtenances ; these 
effects can be explained by classical gas dynamic theory. 
It is, however, concluded that the enhanced performance of 
engines running on the Kadenacy system is explained by 
the high rate of port opening associated with large de- 
pressions rather than by the depression itself. 


N a previous article’ the discharge from 
r cylinder to atmosphere was analysed by 
the method of characteristics. Arising from this 
analysis the Kadenacy effect was explained and 
a method was given for predicting the magni- 
tude of the depression at the end of discharge. 
In that analysis outflow from the cylinder 
only was.considered and a constant cylinder 
length was used ; in this article the theory 
is extended to cover the case of return flow 
and varying cylinder length. 

Experimental work on the discharge of a 
cylinder to atmosphere has been mainly 
confined to model cylinders operating on a 
single cycle with sleeve operated ports or 
other devices for producing a rapid port 
opening. Except for some experiments by 
Weaving? all the experimental work showed 
a depression in the cylinder at the end of 
discharge. There has been no work on a 
running engine discharging direct from the 
cylinder to atmosphere without any form 
of exhaust belt or pipe, and hence no con- 
firmation of the wave theory of discharge. 
Opportunity was, therefore, taken of adapting 
a special test rig for these experiments, the 
main purpose of which was to establish the 
possible mode of discharge from the cylinder. 


THEORY 

In the previous article! the theory of 
characteristics was discussed in detail. The 
boundary conditions for a cylinder of con- 
stant volume and outflow were also 
developed. In this article attention is drawn 
only to the case of varying cylinder volume 
and inflow, although the basic equations 
for outflow will be given for the complete 
solution. 


1. VARYING CYLINDER VOLUME 


For a cylinder of constant cross section 
the state characteristics are not affected by 
variations in cylinder length. The boundary 
conditions are controlled by the effective 
area of the openings at either end of the 
cylinder; although strictly the piston velocity 
should be included, this is generally small 
compared with the local speed of sound and 
may be neglected. The position diagram 
is modified by adjusting one co-ordinate to 


* University of Liverpool. 





Discharge from an Engine 
Cylinder to Atmosphere 


By R. S. BENSON, M.Sc. (Eng.), A.M.I.Mech.E., A.M.I.Mar.E.* 
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The analysis 


follow the piston movement (Fig. 3). The 
stroke is plotted against time (or crank 
angle) in non-dimensional form, i.e. stroke 
divided by cylinder length at commencement 
of discharge. 


2. OUTFLOW FROM CYLINDER 
The equations of the boundary conditions 
for outflow in terms of non-dimensional 
particle velocity in the cylinder U and local 
speed of sound A are for y=1-4: 


Subsonic Flow in Ports.— 
_ 5(A*—1) 
ali Ao 
ra 
Sonic Flow in Ports.— 
Veni cA. kc kw DD 
6=S4,1+U,, ..... (3 
¢?=(6—SAp*)Ag® . . . . (4) 


U==; A -£_.(2)". 
de a \P 

Suffixes cr refer to critical conditionst across 
the ports ; ¢ is the ratio of effective port 
area to cylinder cross sectional area, a, is 
the reference speed of sound and corresponds 
to isentropic expansion from release pressure 
Pr to exhaust pressure p.. If az is the speed 
of sound at release, then 


U? 





(1) 


pe\'? 
a.=ax( 2) =apta". 
Boundary curves connecting A and U for 
lines of constant ¢ are shown in Fig. 1. 


3. INFLOW TO CYLINDER 


This case is analogous to flow through a 
sudden enlargement. If suffix 1 refers to 
cylinder conditions, 2 refers to port condi- 
tions, then the following equations are set 
up connecting the effective areas F,, F, ; the 
density and pressure ¢,, 2, P;, Po; particle 
velocity and local speed of sound 1, us, a, 
a, respectively. 

Conservation of Energy.— 


1 


uta lu? . . (5) 


ae Sa: a? + 2 








+ Critical conditions correspond to the relationship between 
the particle velocity User and local s of sound Ag in the 
cylinder along the sonic boundary (Fig. 1). 








For sonic outflow curves see Fig. 4, THe ENGINEER, page 54, April 22, 1955 


Fig. 1—Boundary curves for flow into and out of cylinder 
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Continuity.— 
Fyigps=Fyuye, . . . . 

Momentum.— 
(Pi—P2) Fi Fpq,”— F 0 3u;" ° (7) 


For y=1-4 these equations can be re- 
arranged as before in non-dimensional form. 
Two sets of equations will be preduced for 
subsonic and sonic flow through the ports. 
Since the former only apply in this case, 
these only will be given. 





v4 du ]usso. . @ 
(2) aer[ould 2)". 
Ast RU = Ag+ SU; ts 
4B) (8) av 


d is the stagnation speed of sound due to 
the entropy difference across the ports, and 
is on the same isentrope as a, (A,). For 
small pressure difference across the ports 
ag~a., and a, may be assumed to be on 
the same isentrope as a. Equation (9) can 
then be plotted as a boundary curve directly 
on the state diagram. The boundary curves 
for inflow for constant ¢ are shown in Fig. 1. 
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Fig. 2—Theoretical indicator diagrams 
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Since for inflow the particle velocity will be 
in the opposite direction to the outflow 
velocity, these boundary curves are plotted 
on the left-hand side of the state diagram, 
ie. U<0. 

State characteristics move downwards when 
A is greater than unity and upwards when A 
is less than unity, thus characteristics moving 
to outflow boundary curves move to the 
right with negative slope dA/dU=—1/5, 
and characteristics moving to inflow curves 
have negative slope dA/dU=—1/5 and move 
to the left. An example is given below. 


4. DISCHARGE FROM CYLINDER TO 
ATMOSPHERE IN A RUNNING ENGINE 


The characteristic solution to this problem 
is shown in Fig. 3. The rate of port opening, 
cylinder length, piston stroke, correspond to 
the test rig referred to later. An engine speed 
of 800 r.p.m., release pressure 4 atmospheres 
absolute, release temperature 60 deg. Fah., 
and flow coefficient for the ports of unity 
was used. The port area ratio ¢ is shown on 
the right of the position diagram, the right- 
hand co-ordinate of which follows the piston 
movement. The calculated indicator dia- 
grams for the open and closed ends are shown 
in Fig. 2, the low pressure diagrams being 
enlarged. The wave action persisting in the 





i 
0-4 06 ¢ 


Fig. 3—Characteristic diagrams 


cylinder after discharge calls for special 
attention. The mode of discharge is by the 
propagation of a continuous expansion wave 
into the cylinder ; this wave is reflected at 
both open and closed ends until the pressure 
in the cylinder is below the outside pressure. 
As long as the cylinder pressure is greater 
than the outside pressure, the wave pro- 
pagated into the cylinder is an expansion 
wave; when, however, the cylinder pressure 
drops below the outside pressure, the return- 
ing expansion wave is reflected at the open 
end with a change of sign and a positive 
pressure wave is propagated into the cylinder. 
The system now follows the usual laws for 
finite pressure waves with reflection of same 
sign at the closed end and opposite sign at 
the open end. The wave action persists 
without any form of collector or exhaust pipe 
and is due entirely to the discharge process 
in the cylinder during the primary discharge 
period. The observation of this phenomenon, 
theoretically and experimentally, has, as 
far as the author is aware, not been noted by 
previous workers. It should be pointed out, 
however, that few experiments have been 
reported on discharge to atmosphere on a 
running engine or model. Work by Weaving? 
on discharge from a cylinder failed to show 
either a depression or wave action. This, 





ENLARGED STATE DIAGRAMS. 
SHOWING POST DISCHARGE 
WAVE ACTION. 


(Characteristics from boundary 
—~ points only shown) 


however, may be explained by reference 
to Fig. 2. In Weaving’s experiments the 
pressure indicator was placed at the open 
end of the cylinder, where the theoretical 
treatment indicates there would be a very 
small depression and low amplitude wave 
action ; in fact, from a practical point of 
view, both effects may be considered to 
be negligible at the open end. In passing 
it should be noted that the open end is the 
point of maximum gas velocity in the 
cylinder, not the closed end, where, for 
obvious reasons, the velocity is zero. The 
depression effects are, therefore, due to wave 
action and not to gas velocities in the 
cylinder, the dynamic or velocity heads due 
to these velocities correspond to the pressures 
obtained in the indicator diagram at the 
open end, and, as will be observed, these are 
very small. 


5. Post DISCHARGE WAVE ACTION 


An examination of the post discharge 
wave action can be conveniently made from 
the state diagram. In the case under con- 
sideration, where the pressure amplitudes of 
the wave are very small, a single continuous 
boundary curve may be drawn through 
A=1, U=0, for both outflow and inflow. 
This approximation is justified by the close 
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Fig. 4—Post-discharge wave action 


proximity of the boundary curves over the 
range of ¢ values used in practice. In the 
position diagram the characteristics are 
straight from boundary to boundary, thus, 
the post discharge wave action can be studied 
by considering the boundary points only. 
Examining one point in the wave, it will be 
seen (Fig. 4) that as the point travels back 
and forth in the cylinder in the position 
diagram, the state diagram forms a rect- 
angular “ spiral.” By the geometry of the 
boundary curve the system is not resonant 
and the amplitude of the pressure wave will 
continuously drop in the form of a pressure 
decay. For a given pressure in the closed 
end after discharge it is possible to travel 
along the “spiral” to determine the sub- 
sequent pressures at the open and closed end 
after any number of traversals. In Fig. 4 
the pressure at the open end after one 
traversal is shown as a function of the 
pressure at the closed end, on the same 
graph the pressure at the closed end after 
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Fig. 5—Theoretical depression 





shown. This graph 
may be used for any 
system of small waves 
in a cylinder with the open end area ratio 
less than 0-5. 


6. DEPRESSION IN CYLINDER AFTER DISCHARGE 


In the previous article! it was shown that 
the magnitude of the depression in the 
cylinder after discharge was in general a 
function of the effective port area at the end 
of the discharge. By an approximate method 
this area was evaluated for various engine 
conditions and it was shown that the area 
was a function of the exhaust port timing, 
stroke-bore ratio, cylinder length, engine 
speed, release pressure and temperature and 
effective area of the ports. These variables 
were grouped together in a series of para- 
meters. By considering the effect of these 
groups on the area ratio at atmospheric 
pressure, the physical factors affecting the 
magnitude of the depression were deduced. 
These conclusions are unaffected by the 
variation in cylinder length. An analysis 
of the discharge from the cylinder of the 
model engine referred to later was made by 
the method of characteristics. Two port 
timings, three release pressures and three 
speeds were examined. For comparable 
results a flow coefficient of unity was used. 
The discharge times and port areas at the 
end of the discharge would be different from 
the actual model, due 
to the latter assump- 
tion. A release tem- 
perature of 60 deg. 
Fah. was used. The 
results are shown in 
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Fig. 6—Cylinder and port dimensions 


H.P. Air from Compressor 
70 Ib. per sq. in. 




















A—Heater. 

B—Filter. 

C—Model. 

D—Farnboro drum. 

E—H._p. indicator. 

F—L.p. indicator. 

G—Motor-driven combined vacuum and |.p. air pump. 
H—L.p. indicator control valve. 

J—H.p. indicator control valve. 
K—Nitrogen bottle. 

L—Motor dy 

M—Clutch. 

N—Indicator calibrating gauges. 
P—Reducing valve, 0O—701b per square inch. 
Q—Alternative air supply to h.p. indicator. 
R—Air and N, to pressure pick-ups. 





Fig. 7—Diagrammatic general arrangement of 
apparatus 
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Fig. 5: these confirm 
that an earlier port 
opening increases the 
magnitude of the de- 
pression. . The effect 
of speed and release 
pressure are apparent. 











EXPERIMENTAL 
INVESTIGATION 


The wave theory 
of discharge from a 
cylinder with sudden 
port opening was con- 
firmed experimentally 
by Mucklow and 
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Fig. 8—Diagrammatic general arrangement of electrical circuits 
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Bannister.» There appears to have been 
no experimental investigation, however, on a 
running engine without any form of collector 
or belt. Although with a gradual port open- 
ing the appearance of the distinct stages 
associated with sudden discharge would not 
be obtained, the presence of post wave dis- 
charge action would confirm the wave theory 
of discharge. Furthermore, if such an engine 
operated within the “engine number} 
range of a practical engine, then the complete 
theoretical explanation of the Kadenacy 
effect given above could be confirmed. An 
exhaust test rig especially designed to 
investigate belt design was, therefore, adapted 
for this investigation. Since the main 
investigation was concerned with exhaust 
belt design, the selection of the scale of the 
indicator diagrams was controlled by these 
other experiments. A few enlarged diagrams 
were taken and these agreed with the main 
experiments. 


1. APPARATUS 


The cylinder liner was a scale version of a 
standard uniflow scavenged engine with 
exhaust ports machined all round the peri- 
phery (Fig. 6). No scavenge air ports were 
provided. The cylinder was mounted on 
the crankcase of a small Petter engine, whose 
running gear, suitably modified, was used 
for controlling the port opening. The port 
timing was altered by inserting plates between 
the cylinder liner holding-down flange and 
the crankcase. The cylinder length was 
modified by fitting distance pieces between 
the liner and cylinder cover. The outside 
of the liner was finished machined and the 
number of ports could be altered by fitting a 
special mask on the outside of the liner. 
One indicator point was above the ports and 
one in the cylinder cover. Since the piston 
scraper ring passed over the former point, 
cylinder lubrication oil was deposited in the 
indicator passage and there was difficulty in 
taking reliable indicator diagrams at this 
point during the early tests. Towards the 
latter end of the experiments a reliable tech- 
nique was developed, and a number of good 
indicator diagrams were obtained. To 
simulate the cylinder gases high-pressure 
air from a compressor was supplied to the 
cylinder through a cam-operated inlet valve 
in the cylinder head. Gas heaters were pro- 
vided, but were not used ; the air tempera- 
ture, therefore, corresponded to the com- 
pressed air temperature. (The use of low- 
temperature air enabled the model to run at 
moderate speeds, 400 to 800 r.p.m., with a 
long cylinder, L=6-95lin). The engine 
speed was controlled by a d.c. motor gener- 
ator ; for low release pressures the model 
was motored, at high release pressures the 
unit was generating. Change-over from 
motoring to generating was by a single 
switch. Fine speed control when motoring 
was obtained with armature resistances, when 
generating field control was mainly used with 
load resistances in the armature circuit. 

Since in this type of experiment the pressure 
indicating is of vital importance, some con- 
sideration was given to the type of indicator 
to be employed. After considering all the 
available types the Farnboro indicator, as 
modified by the British Shipbuilding Research 
Association (B.S.R.A.) and Ricardos with a 
thyratron relay circuit, was used. (The 
original prototype relay was kindly loaned 
by B.S.R.A. for the early experiments.) 
For low-pressure indicating, in which a 
high degree of accuracy with a large scale 
was required, a special low-pressure unit 





L=cylinder length, 


{ Engine number is the product 3 : 


i 
n= engine speed, T.,= release temperature. 
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developed by B.S.R.A. and Ricardos and 
manufactured by Dobbie McInnes, was 
used. There was no measurable friction in 
the unit, the piston being “free” and 
* floating ’’ on rollers, the spring scales were 
1-22 lb, 2-21 lb, 3-43 Ib per square inch per 
inch deflection, and the pressure range 
obtained with an Edwards pump was —3 lb 
per square inch to +10lb per square inch, 
with an atmospheric adjustment to increase 
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Fig. 9—Indicator diagram No, 29656-7 


the vacuum if necessary. For pressures 
above 8 lb per square inch a special 0 lb to 
80 lb per square inch range spring was used 
on the usual Farnboro piston assembly, 
called the high-pressure side. Due to the 
large magnification in the pantograph system 
on the high-pressure side, considerable 
care had to be taken to overcome errors due 
to friction. Each high-pressure diagram 
was calibrated, by sparking a continuous 
line at a known pressure corresponding to 
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the maximum nitrogen pressure, the latter 
being controlled by a special regulating valve. 
The low-pressure end of the diagram was 
compared with the special low-pressure 
diagrams and the “ spring” rate calculated 
for each diagram. The bottom dead centre 
line was marked on to the diagram by a peg 
on the flywheel which passed a search coil 
mounted on the engine frame. The technique 
was similar to that described by Roach and 
Hempson,‘ in whose paper a description of 
the electronic relay may be found. The 
indicator diagrams were analysed by two 
methods ; one method was to enlarge the 
diagram ten times on to a screen, and the 
other method employed a special scale with 
cursor, vernier and magnifying glass; by 
the latter method the light spring diagrams 
could be read to 0-02 lb per square inch and 
0-1 deg. crank angle. 

A diagrammatic arrangement of the mech- 
anical and electrical equipment is given in 
Figs. 7 and 8 ; a typical indicator diagram 
_— from the original is printed in 

ig. 9. 
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(To be continued) 


Unsteady Thermodynamic Processes 


By A. P. HATTON, M.Sc.Tech., Ph.D., A.M.I.Mech.E. 


N recent years more rational methods of 

approach to problems of technical thermo- 
dynamics have been finding favour in this 
country, particularly among those concerned 
with teaching this subject. This new thinking 
which originated in America, ** consists in 
restating the fundamental laws (of conserva- 
tion of mass, energy and momentum) in 
terms of a “ control volume ” rather than in 
terms of a “‘ system.” 

A system is defined as a fixed collection of 
matter enclosed within prescribed boundaries. 
Heat and work may cross the boundary and 
the boundary itself may change shape but 
matter cannot cross the boundary. For the 
system the well-known statement of the First 
Law of Thermodynamics is : 

80=38W+8E .. . (1)* 

The use of a system of fixed quantity of 
matter is often not convenient and as an 
alternative a ‘control volume” may be 
defined (Fig. 1). This can be of any arbitrary 
shape but it has the characteristic of remain- 
ing stationary during the process. 

The control surface which encloses the 
control volume is, of course, permeable to 
matter as well as heat and work. At any 
instant the First Law applied to the control 
volume may be written : 





* List or SYMBOLS 
C,--Spesific heat at constant pressure. 
C.—Specific heat at constant volume. 
E—Internal per unit mass. 
E,—Total internal energy within control volume. 
AE,—Change of total internal ¢ within control volume. 
h—-Enthalpy per unit mass of petect gas or of liquid. 
H—Enthalpy per unit mass of vapour. 
L—Latent heat. 


p— ure. 
Q—Heat transfer to the control surface. 
R—Gas constant. 

T—Absolute temperature. 

t—Time. 

V—Velocity. 

v—Volume. 
W—Work input to the control volume. 


w—Mass. 
Z—Height above an arbitrary datum. 
a—Angle between flow velocity and the normal to the control 


R io of specific hea 
y—Rat its. 
e-—Density. 


dE y? dQ dw 
eae al h “ae ee ee 
= +I,( a -Z)p.V.cose.dA , 

(2) 


If we restrict the case to a device having 
one inlet and one outlet pipe only (Fig. 2) 
and assume that the velocities at the sections 


Control Surface 





Fig. 1—Control volume 


(1) and (2) are Constant across and normal to 
the cross section, then equation (2) becomes : 


Ve ja dQ dE, dw 
(h,+ 2, +2, aa ata 


+(h.+ > +20 


(3) 
or, alternatively : 
|i +z.) Q=AE,+W 
+|(h, + oP +2,)dw, 
- bb Se - @ 


This equation can be reduced, of course, to 
the well-known equation of steady flow if 
dw,=dw,, in which case AE, becomes zero. 


UNSTEADY FLOw 


If dw, + dw, then there is an accumulation 
of matter and hence of internal energy AE, 
within the control volume. Such a process is 
termed unsteady and this type of process has 
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not received much attention as it is more 
complex and does not occur often in practice. 
Certain simple types of unsteady process are 
of interest, however, and the control surface 
technique is useful in solving them. In 
particular, processes involving a single inlet 
(or outlet) pipe are easily dealt with. 

For the case of a single inlet pipe and with 
the added assumptions that the velocity in 
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Fig. 2 (left) and Fig. 3 (right) 


the pipe is small and that the positional 
energy can be neglected, we obtain from (4) : 


fh. dw+Q=AE,+W (5) 


This equation can be applied to various 
bottle charging and discharging processes, a 
number of which are given below. 


1. ADIABATIC FLow OF GaS INTO A Low- 
PRESSURE REGION 

An insulated bottle containing gas at a 
low initial pressure p, and temperature T, is 
opened to atmosphere or, alternatively, to a 
very large container (Fig. 3). The tempera- 
ture at the end of the bottle at the end of the 
process may be determined. Since the con- 
ditions outside the bottle do not change, the 
inflow-enthalpy h is constant. Also Q=0 
and W=0. Hence equation (5) gives : 


AE,=fh . dw 
fa . dw=h(w,— Wg) 
where 5 and a refer to final and initial states 
and 
AE,=weC,Ty—WaCrTa 
therefore 
WpCy1b— WaCyl a= Cp . T. (We— Wa) 
where J is the gas temperature outside the 
control surface. 
Using 

ween. 

o RT; 





gives 
c{1—2*)= Cy. 7. (5-25). (6) 


If the initial temperature 7, is equal to the 
gas temperature outside the bottle 7, then, 


_Pa\ _ (e_?*) 
cA rd © Ty Po 


or 


T 
ee 

* Py—1)+1 
Po 

For the case of flow into a vacuum p,=0 
and 


T, 


—=v 
‘ 


r (8) 


a result which is independent of outside 
pressure. 


2. ADIABATIC FLOW OF GAS OUT OF A HIGH- 
PRESSURE REGION 
The reverse of the above process is charac- 
terised by the fact that the outflow enthalpy A 
is not constant in the equation 
AE,= fh. dw. 


Consider a small part of the process in 
which the inside quantity changes from 
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initial E=w(h—pv). 
final E=(w—8w)[(h—8h)—(p—dp)(v— 8y)] 
where v is the specific volume of water. 
If v is negligible, 
8E,=5w .h-+w. dh. =H. dw. 
Since H—h=L, the latent heat 


w to w+8w and the temperature from 
T to T+ 8T: 


8E,=C,{(w+ 8w)(T+ 8T)—wT.} 

therefore : 
8E,=8w.C,T+w.C,. 87. 

The enthalpy A at this condition=C,T. 


Hence, L.8w=w. dh. 
Cp. T.8w=8w.C,.T+w.C,.8T Hence, 
or Wa \? 
aT _»™ ~~ L (13) 
ities ic where w, is the initial water weight and w, 
or , ; ; 
r a is the final weight. The function Fe can be 
log 7 =(y—1) log, h 
a determined by plotting — from steam tables 
using L 


— ee and integrating. 
*” & 


results in the well-known adiabatic relation 





5. ISOTHERMAL INFLOW OR OUTFLOW OF GAS 


If gas flows into or out of a vessel at slow 
rate the process may closely approach the 


y-1 
ae San. 


Zo_(22) if (9) 


T, \Da isothermal. The heat flow through the vessel 
3. INFLOW TO A TANK FROM A STEAM Main Walls may easily be calculated. 
na : For outflow 
Processes similar to the above, but with 
a vapour as the fluid involved, can be dealt —fh.dwt+Q=AE, 
with in the same way (Fig. 4). and 


A tank containing liquid and vapour in 
Pp 
a. 


ss), Wie 


AE,=C,T(we— Wa). 
Since h=C, . T and T is constant, 
fh. dw=Cy.T.(wa—w») 
therefore 











idea x oo Q=(C,—C,)T . (Wa— Wo) 

= a—Pr) . (14) 
where v is the vessel volume and pa, pp are 
initial and final pressures. 




















Fig. 4 


equilibrium at pressure p, is connected by a 
pipe to a large main containing saturated 
vapour at pressure pp. A valve is opened and 
vapour flows in until equilibrium is reached 
at pressure pp. 

w, and w, are the masses of steam and 
water present in the tank, a and b refer to 
initial and final states. 

This is an inflow from a supply at constant 
conditions and the unsteady flow equation 
(5) becomes 


6. CONSTANT PRESSURE INFLOW AND 
OUTFLOW OF GAS 


A vessel contains air at initial temperature 
T,, which is lower than the surroundings. 
Heat is allowed to pass through the vessel 
walls until temperature equilibrium is reached 
at J. The vessel is open to the surroundings 
so that the process’ occurs at constant 
pressure and a mass outflow takes place. 


Aw,. H+Q=AE,, —fh.dw+ Q=AE, 


where H is the inflow enthalpy per pound, 
which is constant and Aw, is the total mass 


and 
AE,= wpCylo— WeCole 


inflow. but since p,=p, and v is constant, then 
Now PoV%e=Pav, and AE,=0. 
Aw,=(Wa+ Wo)— (Wat Wea) (10) Therefore 
and Q=fh. dw ={C,.T. dw 
AE, =(wrEw+ WE m)—(WiaEia+ WraE va) writing 
(11) pv pv {= 
where E refers to internal energy per unit T= Kk O= Ro Sy 
mass. py We 
The total tank volume does not change, so ="Ror: los 
Wo 
that es 
Wia , Wa Wi , Wed ms p.v.log To 
—_— 2 A OM (12) Y = . . . A 


(15) 


If the reverse process occurs, i.e. with the 
internal temperature initially higher than 
that of the surroundings, then mass inflow 
occurs instead of outflow. 


where ¢ refers to density. 

If the tank be insulated (Q=0), or if Q be 
known, then the final weights of liquid and 
vapour in the tank can be determined. 


4. OUTFLOW FROM A TANK CONTAINING Again, 
HIGH-PRESSURE SATURATED WATER Q= fh. dw 
From a large insulated tank of saturated _C..T, 
hot water under pressure, steam is drawn “Cp. Ty . (wo—Wa) 
off. This will cause a fall of temperature 2, aie 7) 
and, hence, of pressure. In practice, this =Cp. nS Se 
device is termed a steam accumulator. T 
For a small part of the process — (1-2) (16) 
y—-1? Ta 
H. 8w=8E,. 


7. THE WorK REQUIRED TO CHARGE A 
CLOSED RECEIVER FROM ATMOSPHERE 


The receiver (Fig. 5) and surroundings are 


Let H be the saturated steam enthalpy and 
h the water enthalpy. 
For this process 
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assumed to be at the same initial temperature 
T, and pressure pa. 

The final temperature and pressure are 
assumed to be 7, and p. The value of 7% 
depends on the amount of heat flow Q. 
Consider the case of an insulated receiver 
o=0. 

fh. dw=\E,+-W 
Therefore, 
Cp. Ta . fdw=wyCyTy— WaC,Ta t+ W 
Cp « Ta(Wo— Wa) =WsC Ts — WaC rT a+ W 
using w=, We can obtain 
v Ta } 
wa a r7—1)-patr- Ip . (17) 


If the work done in the pump is carried 
out reversibly, without friction, ie. pump 
efficiency 100 per cent, then 


7, y al 
Po_ (4b) ¥ 
Po (7) L.. 
and a substitution can be made for z. 
6 
It is interesting to note that this equation 
is easily obtained by considering the system 
rather than the control volume (Fig. 6). If the 
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Fig. 5 (left) and Fig. 6 (right) 


cylinder is imagined to contain all the gas 
which is finally in the receiver, the work 
required is equal to the change of internal 
energy. We must remember that the piston 
is assisted by the atmospheric pressure on 
the back. 

Hence 

W=weClT,—Ta)—Palva— Vo) 2. Se C(18) 

and this can be reduced to (17). 


8. JOULE’s EXPERIMENT 


A classic case of the unsteady flow process 
was Joule’s experiment on “ The Changes 
of Temperature Produced by the Rarefaction 
and Condensation of Air.”* In this paper 
Joule describes his experiment with two 
copper vessels, one containing air and one 
evacuated. With the two vessels immersed 
in water a connecting valve was opened and 
pressure equalisation occurred. No change 
of temperature of the water led Joule to the 
conclusion which is nowadays referred to 
as Joule’s Law of Internal Energy. 

With the same apparatus Joule did further 
experiments which are not reported in detail. 
With the bottles immersed in separate vessels 
(Fig. 7), Joule concluded: “I found that 
2-36 deg. of cold per pound of water had 
been produced in the receiver from which 
the air had expanded, while 2-38 deg. of 
heat had been produced in the other receiver, 
and 0-31 deg. of heat also in the can in 
which the connecting piece was immersed.” 
By “degree of heat per pound of water” 
Joule implies the B.t.u. It can be shown 
by considering the conservation of total mass 
and total internal energy that the equalisation 
pressure is the mean of the two initial pres- 
sures. In Joule’s experiment the initial 
pressure in X (pz) was 22 atmospheres. 
Initially, Y was evacuated, thus the equalisa- 
tion pressure was 11 atmospheres (p.s). 
The volume of vessel X was 136-5 cubic 
inches, and so applying equation (14) (which 
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assumes the process occurred fairly slowly), 
we obtain 


Q=2:-36 B.t.u. 


This result is a tribute to Joule’s great care 
in experiment since the order of temperature 
change which he measured was very small 
(0-3 deg. to 0-4 deg. Fah.). A full account 
and analysis of Joule’s experiments by the 
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author and Prof. Rosenfeld is given in 
reference.® 
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Permissible Backlash Between Gear 
Teeth 


By W. A. TUPLIN, D.Sc., M.I.Mech.E. 


Backlash between the teeth of a pair of meshing gears is a very easy quantity 

to measure and that alone would tend to cause inspectors to take great interest 

in it. Whether it has any significance is a question that needs consideration in 

each particular case and it has no general answer. Here the author establishes a 

method of estimating the impact loading that is imposed on a pair of gears by 
taking up backlash under full-load torque. 


S the production of a pair of gears to 

work at a specified centre distance 
demands a little more care if it is specified 
that the backlash must be small, than if a 
large amount is allowable, it is perhaps 
natural, though not entirely logical, to 
believe that small backlash implies “‘ a good 
job.” There is rather less justification now 
for this belief than there was fifty years ago. 
The spaces between gear teeth used to be 
cut by milling cutters with edges shaped to 
produce the required tooth form. Variations 
in tooth thickness (to produce variations in 
backlash) were naturally effected by varia- 
tions in the depth to which the cutter is sunk 
into the blank. A given formed cutter can 
produce a tooth form correctly placed in 
relation to the axis of the gear only if the 
cutter is set to a particular distance from the 
axis. Variations in depth of cut therefore 
produce departures from the correct tooth 
form in the product. Excessive backlash 
would therefore imply profile error in at 
least one of the mating gears and would 
mean “a poor job.”’ It is true that teeth could 
be given less than standard thickness without 
introducing profile error by a second cutting 
operation on only one set of flanks without 
changing the distance between the cutter 
and the axis of the gear, but that is trouble- 
some and time consuming. 

In teeth cut by generating processes, on 
the other hand, ordinary variations in depth 
of cut make no difference to the form of the 
active part of the tooth profile. 

So far as permissible backlash is concerned, 
gear drives may be divided into two broad 
classes : 

(1) ‘* Power- Transmitting” Gears.—In 
these the tooth stresses may approach the 
limit of capacity of the material, and speeds 
may be low or high. Backlash is permissible. 

(2) ‘* Instrument Gears.”—In these the 
tooth stresses and speeds are usually low, 
but it is often necessary to have the condition 
of “‘no backlash” so that the angular posi- 
tion of either gear of a pair determines that 
of the mating gear irrespective of the direc- 
tion of tooth load. 


POWER-IRANSMITTING GEARS 


If the gears are connected to a source of any 
considerable power, it is important that the 
condition of “‘no backlash” be avoided as 
differential thermal expansion of the gears 
and the structure supporting their bearings 
may cause teeth to be tightly jammed into 
mesh and the associated surface stresses on 
the tooth flanks may be destructive. If the 


direction of the torque applied to a gear is 
reversed, its meshing teeth move across the 
mating tooth spaces and engage on the 
second set of flanks with impact of magnitude 
determined by those of the reverse torque, the 
backlash and the masses and elasticities of 
all the members that are stressed by the im- 
pact. In few cases would one such impact 
be destructive, but repetition of it might be 
so. The permissible backlash is therefore 
dependent to some extent on the total num- 
ber of torque reversals that may be imposed 
on the gears during their life. In an auto- 
mobile transmission, the elasticity is usually 
such as to avoid serious stresses even with 
very considerable amounts of backlash, but 
the shock may be unpleasantly perceptible to 
the occupants of the vehicle, and for that 
reason, backlash in such drives is purposely 
kept small. 

In gears that run and drive in unchanging 
directions and are rarely stopped and started, 
running conditions impose no upper limit 
on backlash itself. Nevertheless a limit is 
imposed by the necessity to avoid specifying 
teeth of much less than standard thickness. 
For example, the production of very thin 
teeth by means of a standard cutter may 
demand a second “ side-cutting ” operation. 
Furthermore, very thin teeth may have 
inadequate resistance to bending under load. 


ESTIMATE OF IMPACT LOADING 


To calculate the loading induced by tooht 
impact in a system of even moderate com- 
plication is tedious to say the least, but in 
many cases, it is not difficult to make an 
estimate that errs on the side of safety. 
Fig. 1 represents an installation in which a 
pair of gears of velocity ratio R,>1) trans- 
mits power between rotors of moments of 
inertia J, and J, connected to pinion and 
wheel respectively by shafts of lengths L, 
and L, and of diameters d, and d,. The 
inertias of the gears are neglected in this 
first analysis ; in most practical cases they 
are small compared with those of the associa- 
ted rotors. 

-Let the initial condition be that of zero 
torque and zero velocity throughout. Let a 
torque m be applied to rotor No. 1 and let 
that rotor (and shaft No. 1) rotate through an 
angle A (corresponding to the backlash 
between the gear teeth) before the teeth begin 
to transmit torque to rotor No. 2. Let ¢ be 
the time that elapses before the angular 
velocity of rotor No. 2 next becomes (1/R,) 
times that of rotor No. 1. At that instant, 
the torque in shaft No. 1 reaches a maximum 
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M, that in shaft No. 2 then being RM. The 
total strain energy in the two shafts is then 


M?* | (RM)? 
+ K, +4 K, 
where 
9 d,! 


K,=torsional stiffness of shaft No. 1=7C; 
32° L, 


and 
. ' m= d,é 
K,=torsional stiffness of shaft No. 2= 5C;— 
32 L, 


C=modulus of rigidity of material of shafts. 

Let the angular velocities of the rotors at 
this instant of maximum stress be @, and 
«,/R,. The total kinetic energy in the two 
rotors is then 


I, 
to.4(+ R53): 

The kinetic energy at the instant of engage- 
ment was contained solely in rotor No. 1, 
and was equal to the work done by the torque 
m until that instant, i.e. ma. Let it be 
assumed that the angular displacement of 
rotor No. 1 during the interval between the 
engagement of the teeth and the instant of 
maximum torque is small compared with A 
and may be neglected in a first approxima- 
tion. Then, by conservation of energy, 


Let wy be the angular velocity of rotor 
No. 1 at the instant of engagement. Then 
the mean torque applied to it by the shaft 
and neglecting the effect of m during the 
following period (say, T) is J, (@y—,)/T. 

The corresponding torque on rotor No. 2 
is—R,I,(e,—,)/T, and this changes the 
velocity from zero to —,/Ry. 

Hence, 

Rgl(@o —,)/T= (1,0,/R,)/T 
and so 
a woRgl, <A 1 
Rl h/Ry Ada) LR? 
As the kinetic energy at the instant of 


engagement is equal to the work done by 
torque m until that instant 





(2) 


} 1,o,°=m) 
or 
p= VS (2majl) . . . (3) 
From (2) and (3) 
Ca m1, 


2 (+h/hR?* 


Hence from (1) 


eS Re) = maf 1— ) | 
ro” ae 7S ey 1,1+1L/4,R?)? 





(Hh) 
=n" RP +h/h, 


2m 1 
ss a | (i "Re TFT) on 


___ /{_2K, {initial Kinetic Energy) 
- M=,| li + Ry? (K,/K2)) 1 ited 








(5) 


This gives a first approximation to the value 
of the maximum torque produced in shaft 
No. 1. 

If the resistance to uniform rotation is 
concentrated at rotor No. 2 and is equal to 
My, its equivalent at rotor No. 1 is Mj/R,. 
The difterence (m—M,/R,) between this and 
the externally applied torque causes accelera- 
tion of the rotating parts and the part of it 
transmitted by shaft No. 1 to cause accelera- 
tion of J, is 


tl Rem—MyIR 
T+ h|R pe Ms! Ro 
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The total torque in shaft No. 1 is therefore 
1 
Mi=M-+ Mq/Rg+ TERA Mr Ro) 


m 4 Reh/ls 
TF Reh Ry LF Rh /l 





or M;=M+ 
(6) 


For the case shown diagrammatically in 
Fig. 1 representing a system with all parts 


I; 



































tT] a) I) 
Oo —— (7 Re (=5) | 
Faas ta (=20) _, 10644) | 
amy >} a 
Ly Ger || 
Fig. 1 


made of steel, the value of / for each rotor 
(diameter D, length L), is given by 


0-28 a _ DL 
386. 4 \8/~ 14080" 
Hence /,=14-8, /,=690, 1-+-R,%(Jy/I2)=1-54. 


The torsional stiffness of a steel shaft 
(diameter d, length L) is 





12 108 x 4 
7 5 d*=1-16x 10°F lb in per radian. 
Hence K,=1-24x10°, K,=14-8x 10, 


1+R,*(K,/K,)=3° 1. 
Let m=4000 Ib in. 


Let the backlash between the teeth be 
0-015in. 

Then 4 (referred to pinion shaft) 

” 0-015 = 

~ Meshing radius of pinion ~ 

The initial kinetic energy is equal to the 
work done by the applied torque multiplied 


by the angle of rotation before impact occurs, 
i.e. 4000 x 0-0075=30in Ib. From (5), 


2x 1-24 x 10® x 30 
m=,/ 3-11-54 
Let M;=20,000. Then from (6) 


4000 20000 0- 
1547 5 x 7-34 = 7960 Ib in. 





0-0075 radians. 





= 3960 Ib in. 


M,.= 3960+ 


The same principles can be applied to the 
system composed of pinion and wheel as 
rotating masses with the gear teeth as an 
elastic connection. 

The deflection (in the direction tangential 
to the meshing circles) of a pair of gear teeth 
of British Standard form is of the order of 
15in/E for a tooth load of 1 1b per inch width. 

For a gear of meshing diameter d and face 
width f this corresponds to an angle of twist of 
a radian for a tooth load of / lb, i.e. for 
a torque of fd/2lb. Hence, the equivalent 


torsional stiffness is 
d/30 Ed? : P 
i / Ed* a Ib in per radian. 


In the particular case represented by Fig. 1, 


Torsional stiffness 30x 10*x4?x6 
(referred to pinion)~ 60 


=48 x 10° lb in per radian. 


The moments of inertia of the two gears 
are approximately : 


4*x6 


= 20 x 6 
1 74080 


0-11 and i:= 77595 = 


68. 
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As the shafts have each much greater 
torsional flexibility than that corresponding 
to the elasticity of the teeth, the two rotors 
will have little effect on the impact between 
the teeth. The impact load may therefore 
be estimated by considering the gears as 
rotating masses, elastically connected by 
the teeth. The energy in this system imme- 
diately before impact of the teeth takes place 
is the kinetic energy of the pinion, which is 
0-11/(14-8+-0-11)=0-0074 times the total 
initial kinetic energy, i.e. 0-0074x30 
=0-222in Ib. 

This is a two-mass system and so the only 
flexibility is that of the teeth. Consequently, 
in (4) the denominator 1/K,+R,7/K, is 
replaced by 1/K, and from the consequently 
modified form of (5) 


2x 48 x 10° x 0-222 
m-,/ 1+ 5°x0-11/68 


=4520 lb in. 


This exceeds the figure of 3960 1b in, but 
the difference is not great and the actual 
maximum impact torque is likely to be 
between the two. Hence, M;=4250+2600 
+ 1400=8250 lb in. (Say +300 lb in.) 





Loaps DuE TO IMPACT BETWEEN GEARS ONLY 


The preceding example suggests that the 
tooth loads due to backlash and impact 
between gear teeth may not be greatly 
influenced by the inertias of adjoining rotors 
if the connections between them and the 
gears have much smaller torsional rigidities 
than that of the teeth. If this be accepted it 
becomes worth while to consider the pos- 
sibility of deriving a rational formula from 
which to estimate the maximum permissible 
backlash consistent with avoidance of exces- 
sive tooth stresses. 

Let 

d=meshing diameter of pinion (spur or 
helical). 
=gear ratio. 

1=moment of inertia of pinion about its axis. 

I,=moment of inertia ‘of wheel about its axis. 


Then the allowable tooth load per inch 
width of the gears is approximately 


i, 2 
XePaTR 


where 


X,=“* speed factor ” depending on revolutions 
per minute of the pinion. 

Sce=“* basic surface stress factor’ depending 
on the material of the pinion. 


The values of these quantities are defined 
in B.S. 436 and (7) is in general accordance 
with what that Standard quotes as a working 
load limited by “‘ wear” or surface stress. 
For occasional overloads such as may be 
caused by the taking up of backlash there is a 
limitation by consideration of bending stress 
to 


d 
So Y > i Geer ew |} 
Where 
Sse=“* bending stress factor ” for the material 
of the pinion. 


Y=“ ~— strength factor ”’ of the order of 


It is suggested that in a drive where there 
may be impact loads corresponding to the 
taking-up of backlash under full-load torque, 
the maximum tolerable backlash is that which 
causes the torque associated with (6) to 
produce the tooth load defined by (8). 

In most installations the moment of inertia 
of the rotor of the driving machine (e.g. 
electric motor) connected to the pinion is 
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much greater than that of the pinion itself. 
A ratio of at least 4 may be safely assumed. 
The kinetic energy of the pinion at the instant 
of engagement of the driving faces of the 
teeth cannot then exceed ma/5. 

The torsional stiffness between pinion and 
wheel is solely the K, in (4) and the term 
R,*/K, disappears. Hence (4) becomes 


M= RCs ey 3) 7+ + & 


Now, if m corresponds to (7), then the 
maximum tolerable value of 4 is that which 
makes the value of M, derived from (9) and 
(6) correspond to (8). 

For face width f, the permissible constant 
torque is 

Seo , Rg 
m= Xe 3 ey ohooh 
and the maximum permissible occasional 
momentary torque is 





M=250¥ 245 Bg ates a eee 
As before 
2 
Pa) 
Taking 
R- m, (6) becomes, from (9) 
0-4Km) \ | 
M=M+m= |S RrT) tm. . GZ 


Now, if m corresponds to (10), then the 
maximum tolerable value of 4 is that which 
makes the value of M, derived from (12) 
correspond to (11), i.e. 


Swf _ (BE eat” 





or 
mh 8 
150! 1-Rehh, -(s.¥s= -m) 
whence 
* fay? 1 y= ,m 
=(s..¥ : ) qa 2S YS + 
where 
Po 
~ 1501 + Ry*/;/13) 
and this becomes 
— Spo® ¥*? 150(1 + Ry*li/12 1+ Ry) 
re 5 
Ps “| Ry 





_ Sie ¥ 150(1 + Ry?h;/12) 
t E 


Seo Ry 15Q(1-+Ryth/I2) 
iin 8 


_150(1+ Ryth/Ia)[So*¥* 1+ Ry 
E PXSeo Ry 


Soo co _ Ry 
—2 ty xae ey a oe MS 


To show the order of magnitude of 4 in a 
typical case, let the material of the pinion be 
assumed to be En. 9 steel, for which 
Sso=21000 and S.=2100, let R,=4 and 
let X,=0-3, corresponding to a pinion speed 
of 500 r.p.m. For a wheel in the form of a 
rim on a thin plate centre and a solid pinion 
I, is approximately equal to R,*/,. Inserting 
these values, together with E=30~x 10°, and 
Y=0-7 in (13) 


= 05 6x 21 x 10*x 0-49 
~ 108 fx0-3 








xb ZS 
29400 


t 


+105x0-8 | 


THE ENGINEER 


6-25[257 x 10* 29400 
ss i a ete ie 
= 10 _O- 18 +-0-00053 


The corresponding circumferential back- 
lash at the meshing circle of the pinion is the 
product of 4 and d/2, i.e. »tp/2m where p is 
the circular pitch. 


ie. backlash= (#3_o -029 +0-000081) p. 


For values of t up to 40 this differs neglig- 
ibly from ? and so (13) may be multiplied 
by 2/2-55 while the second and third terms in 
the square bracket are ignored. Hence, for 


steel gears it is reasonable to write, taking 
the previous values for E and Y, 


Maximum desirable circumferential backlash (in) 


_ 1-85 Se Oey (14) 
~ © he XxX, or: 


Some typical examples of the value of this 
as a multiple of p/t are given below for 
R,=10. At the lower limit of R,=1 the 
permissible backlash is nearly twice the 
tabulated figure. 
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Adoption of the amount of backlash per- 
mitted by this formula means that the pinion 
shaft torque corresponding to the maximum 
tooth load produced by engagement of the 
teeth may be as great as 2S, Yd? f/t lb in. 
It should be confirmed that such a torque 
would not give rise to undesirably high 
stresses in the pinion shaft and that the 
product of this torque and R, would not 
overstress the wheel shaft. The maximum 
torques in the shafts would be unlikely to 
reach these amounts but they may be taken 
as approximate figures for checking purposes. 

It is emphasised that the formula (14) 
represents a suggested upper limit to back- 
lash and is not a design formula in the 
ordinary sense. For normal cases it gives 
figures of the same order as the maxima 
quoted in British Standards, but where the 
number of teeth in the pinion is small, (14) 
gives much greater values for permissible 
backlash. It is suggested that about 0-lp 
should be taken as an over-riding maximum. 
It is about the maximum possible by cutting 
the teeth of both wheel and pinion to greater 
than standard depth by means of a standard 
cutter and without using the second operation 
of side-cutting. 

The sound of engagement of gear teeth 
on first application of torque and the 
associated sense of shock usually give 
the average engineer the impression of 
heavier loading than is actually the case, and 
on that account it may be desirable to restrict 
backlash to a smaller amount than stress 
considerations alone would permit. This is 
especially the case where re-engagement of 
the teeth occurs frequently ; the transmission 
in an automobile is perhaps the best-known 
case of this sort. 





Rover 2-Lirre Dieset ENGINE.—In our issue of 
June 14, page 911, we referred to the combustion 
chamber of the oil engine for the Land-Rover. We 
now learn that the lower portion of the combustion 
chamber is made of Nimonic “* CC,” a casting version 
of _—— “ 80,” while the nozzle shroud is of steel 
to 


Birthday Honours 


THE birthday of Her Majesty the Queen 
was Officially celebrated on Thursday, June 
13. An Honours List published on that day 
includes announcement of the following 
awards : 

Knights Bachelor: Mr. R. P. Biddle, 
formerly docks and marine manager, South- 
ampton ; Mr. W. Robson Brown, M.P. ; 
Mr. Frederick Pickworth, chairman, English 
Steel Corporation, Ltd. ; Mr. E. W. Thomp- 
son, chairman, John Thompson, Ltd. 

C.B.: Mr. J. H. B. Chapman, principal 


deputy director of naval construction, 
Admiralty. 
C.M.G.: Mr. R. S. Andrews, chairman 


and managing director, Gas and Fuel 
Corporation, State of Victoria. 

K.B.E.: Mr. James Bowman, chairman, 
National Coal Board ; Brigadier L. H. Harris, 
engineer-in-chief, General Post Office. 

C.B.E.: Mr. A. T. Black, director of 
electronic production (munitions), Ministry 
of Supply; Mr. N. R. Elliott, chairman, 
South Eastern Electricity Board ; Mr. 
C. C. Emmett, chairman of the Nigerian 
Coal Corporation ; Group Captain Edward 
Fennessy, managing director, Decca Radar, 
Ltd.; Mr. L. S. Flatman, director of 
ordnance factories (ammunition), Ministry 
of Supply; Mr. H. W. Grimmitt, chief 
engineering inspector, Ministry of Power ; 
Mr. S. I. Hill, manager, constructive depart- 
ment, H.M. Dockyard, Malta; Mr. S. 
Hudson, director, Robert Hudson and Sons 
(Contractors), Ltd.; Mr. Fred Marshall, 
chairman and managing director, Thos. 
Marshall and Son, Ltd.; Mr. J. L. M. 
Morrison, Professor of Mechanical Engineer- 
ing, University of Bristol ; Mr. J. G. Pearce, 
director, British Cast Iron Research Associa- 
tion ; Mr. S. M. Pechey, Rhodesian Iron and 
Steel Company; Mr. Edward Player, 
managing director, Birmid Industries, Ltd. ; 
Mr. Sydney Smith, chairman, Scottish Gas 
Board; Dr. D. G. Sopwith, director of 
mechanical engineering research, D.S.LR. ; 
Mr. C. M. Vignoles, managing director, Shell- 
Mex and B.P., Ltd.; Mr. James Walker, 
chairman, Electricity Board for Northern 
Ireland ; Mr. F. J. Welch, engineer surveyor- 
in-chief, Marine Safety Division, Ministry of 
Transport and Civil Aviation; Mr. F. H. 
Woodrow, director of public works, Tan- 
ganyika; Mr. Joseph Wright, director, 
Dunlop Rubber Company, Ltd. 





Books of Reference 

Timber Preservation, published jointly by the 
British Wood Preserving Association and the Timber 
Development Association. B.W.P.A., 6, South- 
ampton Place, London, W.C.1.—This booklet 
contains a complete list of proprietary wood pre- 
servatives and a table of preservative treatments 
for specific uses, and thus provides a source of 
reference to the whole subject of timber preservation. 
The foreword to the booklet states that the growth of 
the wood preservative industry has been one of the 
most important technological developments within 
the timber industries. There are timber structures 
still in existence after 1000 years of service, and there 
are fence posts which rot after eighteen months. 
This is due to no caprice of the material, it is affirmed, 
but principally to the way in which it is used. Methods 
of treatment for different woods and different usages 
are then discussed. 


«Metallurgical Abstracts, General and Non-Ferrous. 
Vol. 22, 1954-55 (New Series). Editor: N. B. 
Vaughan, M.Sc. The Institute of Metals, 17, 
Belgrave Square, London, S.W.1. Price £3. ~The 
twelve monthly issues of Metallurgical Abstracts, 
General and Non-Ferrous from the period September, 
1954, to August, 1955, have now appeared in book 
form. Over 13,000 abstracts and references are 
contained in the 1231 pages of text of the volume ; 
in addition there is a name and a subject index. The 
field is classified into twenty-eight sections — 
deal with the scientific and industrial aspects of 
metals and their alloys, industrial processes, history, 
economy, health hazards and bibliography. 








Book Reviews 


Human Relations for Management. Edited 
by Epwarp C. Bursk. Constable and 
Co., Ltd., 10, Orange Street, London, 
W.C.2. Price 27s. 6d. 


Tuts book consists of seventeen articles 
written by different specialists in their 
respective fields of a very wide subject, the 
whole being edited by Mr. E. C. Bursk, 
Editor of the Harvard Business Review. 
To indicate the manner in which the subject 
has been presented the titles of the papers 
will afford a general idea. These are as 
follows :—‘‘ Human Relations in Modern 
Business” ; “Making Human Relations 
Work”; “Business Leadership and a 
Creative Society ” ; “‘ ‘ Skyhooks’” ; “ The 
Fateful Process of Mr. A. Talking to Mr. 
B.” ; “Communication in the Work 
Group”; “Barriers and Gateways to 
Communication” ; “‘ Leadership Pattern in 
the Plant” ; “* Skills of an Effective Adminis- 
trator” ; “ A Story of Executive Relation- 
ships” ; “‘Foremen—Key to : Worker 
Morale” ; “ Observing People” ; “ Resist- 
ance to Training”; “The Man on the 
Assembly Line” ; “‘ What Employees Want 
from Their Work”; “ How to Deal with 
Resistance to Change ” ; “‘ A Trade Unionist 
Appraises Management Personnel Philo- 
sophy.” 

There would appear to be an increasing 
desire on the part of business men generally 
to have further enlightenment in the manage- 
ment relations with their employees. At last 
they seem to realise that they are deficient 
in the practice of human relations, although 
often explored, and they would do well 
initially to stress the necessity for sincerity 
in that insincerity is quickly detected. Too 
often in the past they have asserted boldly 
that “there is no sentiment in industry,” 
whereas nothing could be further from the 
truth, in that we have to deal with our fellow 
man “ with all the aspirations of his nature.” 
We are told that there are five psychological 
aspects regarding an employee, these being : 
his sense of dignity, the need for the esteem 
of others, his instinct for survival, his desire 
for security, and his social instincts. From the 
outset a man must be made to feel that he is 
not regarded as an automaton, but rather as 
an essential and understanding member of 
the organisation, or, to put it simply, he 
must be treated as a human being rather 
than as a machine. It is suggested that 
management misses a golden opportunity 
if it fails to include the workers among its 
consultants when changes in production 
policy are contemplated, bearing in mind that 
“co-operation, not antagonism, is the key 
to achievement.” Too often when troubles 
occur there is a tendency to a feeling that 
someone must be blamed, even before the 
facts have been ascertained, while the one 
in authority fails to realise that authority 
must basically depend upon competence, 
and that competence comes from tested 
experience. In making human relations work 
the suggestion is made that a dictatorial 
method of control is less likely to yield 
satisfactory results than a participating one 
in which the worker’s individuality is used. 
We rather rub our eyes when we read that 
“‘ perhaps the capacity to love, which our 
industrial selves have forgotten, is what we 
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need and want more than anything else.” 
Certainly this is confirmed by the Apostle 
Paul, who asserts that “ love never fails.” 

Another biblical exhortation is brought to 
bear with a view to avoiding trouble : “* With 
all thy getting get understanding,” one that is 
particularly appropriate for modern industry. 
To be able to appreciate differences in view- 
point is essential. Mr. Ohmann, of the 
Standard Oil Company, in his paper entitled 
“** Skyhooks,’” says that he is convinced 
that “workers have a fine sensitivity to 
spiritual qualities and want to work for a 
boss who believes in something and in whom 
they can believe.” Undoubtedly there is 
food for thought in this contention. The 
tendency for businesses to become bigger 
and bigger leads to a loss of individuality, 
and this in itself makes it the more important 
to impart to the worker a real interest in his 
job, and, indeed, in the finished product. 

Considerable attention is evidently attached 
to the question of communications in that 
three separate papers are devoted to it, and 
we wholeheartedly agree that unless the lines 
of communication are clearly defined and 
sympathetically operated loss of efficiency 
is bound to result, but communication must 
be a two-way process. To break down 
barriers an original suggestion is made to 
try as an experiment making it a rule that 
“each person can speak up for himself only 
after he has first restated the ideas and feelings 
of the previous speaker accurately and to 
that speaker’s satisfaction”—a suggestion 
well worth trying. 


The important question of leadership is 
set out by describing some of the methods 
used by a brilliant man to administer a 
deteriorating organisation so that it became 
efficient and profitable. He firmly believes 
that whatever a man’s beliefs are he should 
believe in them fully and be willing to defend 
them against all comers. While we agree 
with most of what is said we confess we feel 
rather bored by repeatedly reading ‘“ The 
Leader feels ’” this and that ! 

In treating of the skills of an effective 
administrator we are told that they come 
under three headings: technical, human, 
and conceptual, the last mentioned involving 
the ability to see the enterprise as a whole. 
The story with which we are favoured of 
executive relationships is a fictitious one, but 
based on a wide experience, and is well worth 
reading as are also the various cases cited 
throughout the book mostly actual, but some 
imaginary, and all helping to elucidate the 
position. The foreman is rightly represented 
as the key to worker morale and the 
way in which he is viewed by management 
and workers is carefully explored, while the 
important position he holds is shown to be 
largely dependent on human relations, this 
leading to the necessity for a foreman to 
have and develop the power of observing 
people, always remembering that everybody 
is different. Mass production may clearly 
influence a demoralising effect on the indi- 
vidual, turning him into an automaton, while 
the part of the “ utility man ” who has to be 
ready to take his place at any. operation on 
the assembly line is more favoured. We 
are nevertheless shown that with the develop- 
ment of a team spirit, and with happy 
relations fostered between master and man, 
even the routine jobs cease to be wearisome. 
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Now that a new position has been reached 
in the agreement for an increase of pay to 
engineering craftsmen, semi-skilled workers 
and labourers, coupled with so-called 
“ strings,” we feel that a careful perusal of 
Human Relations for Management not only 
by managers, but also by foremen and 
workers, would help to make the said 
“ strings ” function harmoniously. 


Dynamics of Machinery. By JAMes B. Hart- 
MAN. McGraw-Hill Publishing Company, 
Ltd., McGraw-Hill House, 95, Farringdon 
Street, London, E.C.4. Price 56s. 6d. 


Tuts latest addition to the McGraw-Hill 
series in mechanical engineering is in many 
ways such an admirable text that one is sorry 
not to be able to give it unqualified praise. 
It marks another step in the current American 
trend in books on the theory of machines. 
The analysis of mechanisms, which is the 
subject of another book in the McGraw- 
Hill series, is hardly treated here at all, but a 
sound introduction is given to the dynamical 
problems that arise in the design of 
machinery. 


The first two chapters restate in vector 
notation the basic principles of statics and 
dynamics. Since the notation is little used in 
the rest of the book it is not clear that 
this presentation, which must strike many 
students as rather formidable, is a suitable 
introduction to the matters that follow, 
unless vectors are to be regarded as an 
important concept in their own right. The 
third chapter is devoted to problems arising 
from the inertia forces in mechanisms, and 
this is followed by a consideration of vibra- 
tions in machinery. A.discussion of forced 
and damped oscillations of systems with a 
single degree of freedom is followed by a 
consideration of two degrees of freedom 
systems, including a simple undamped vibra- 
tion absorber. The Holzer method of 
analysis for the torsional vibrations of a shaft 
is taken as an example of the techniques 
available for the treatment of a system with 
many degrees of freedom. In the next 
chapter problems of engine balancing are 
considered in rather greater detail than seems 
appropriate in a book of this sort. Further 
problems of engine dynamics are then dis- 
cussed ; these include crankshaft torque 
analysis, firing order, and the influence of 
dynamic loads on foundation design; a 
sound approach is made to a variety of 
topics to which the student of mechanical 
engineering should certainly be introduced in 
his final year. The last two chapters are 
devoted to mechanical transients and to the 
dynamics of automatic control systems. The 
first of these is concerned almost exclusively 
with an introduction to Laplace transform 
analysis, this mathematical method being 
used in the final chapter. It is pleasing to 
find a serious approach being made to control 
theory in an introductory text, but it is 
doubtful whether the highly mathematical 
approach here adopted is really the best way 
of arousing the student’s interest and 
enthusiasm for this very important subject : 
the relatively simple principles are apt to 
become lost in the novelty of the analytical 
methods used. 


Each chapter is furnished with an excellent 
set of examples, and an appendix to the book 
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provides a further set of problems of a longer 
type suitable for projects. There can be 
no doubt that this book is greatly in advance 
of those on machines which are at present 
available from British authors. It is to be 
hoped that British publishers will follow the 
lead which is being given in the United States 
and produce, at a price our studefits can 
more readily afford, books that can form a 
sounder basis for courses in theory of 
machines than anything that we now have. 


Modern Techniques of Excavation. By H. L. 
NicHOLs, Jr. Odhams Press, Ltd., 96, 
Long Acre, London, W.C.2. Price 70s. 


THis treatise is of American origin, and is a 
shortened version of a book called Moving 
the Earth, following a section of the latter 
called “ The Work.” The author’s experi- 
ence in an earth-moving business is evident 
in the practical approach which he makes. 
There is little emphasis on matters such as 
descriptions of machinery and plant and soil 
mechanics ; practical details of the way in 
which the work should be organised and 
carried out are the leading’ theme. The 
chapter headings illustrate this point, and 
we find titles such as “ Stuck Machinery ” 
and “* Making and Losing Money.” 


The scope of the book extends from intro- 
ductory chapters on land clearing and 
levelling instruments, over various categories 
of excavation problems—ditching and rock- 
blasting and tunnelling, for example—and 
also includes such topics as ‘* home land- 
scaping ”’ and “ agricultural grading.” The 
author’s comments on defects in excavating 
plant are particularly frank, and worthy of 
the notice of manufacturers. 


Careers—Mechanical Engineering. By R. W. 
STEED. Robert Hale, Ltd., 63, Old 
Brompton Road, S.W.7. Price 8s. 6d. 


Careers—Electrical Engineering. By D. O. 
BisHop. Robert Hale, Ltd., 63, Old 
Brompton Road, §.W.7. Price 8s. 6d. 


THESE two books, together with another in 
the same series covering civil engineering, not 
yet in our hands, all have the same purpose. 
They are specifically intended to help careers 
masters, mistresses, parents and boys and 
girls to choose careers. Their object is to 
show what opportunities there are for careers 
in engineering, what the life of an engineer is 
like, what qualities in a boy or girl suggest 
that such a career may be suitable, what 
examinations need to be taken and what 
courses of training are available and where 
further information can be gained. The 
objects are admirable and both the books 
before us cover them adequately. But whether 
they cover them in a way which will make the 
books attractive to read is another matter. 
Of the two books before us we prefer Dr. 
Bishop’s. It seems to us well arranged, 
readable either by adults or late teenagers 
without tedium, and it makes a career in 
electrical engineering seem attractive. The 
other book is less satisfactory, not because 
the information is any less complete, but 
because the author never seems to be quite 
sure whether he is writing for children or 
grown-ups. It also contains, particularly in 
its references to the history of mechanical 
engineering, some of those loose statements 
which it is difficult to avoid when writing 
for the uninitiated about technicalities, but 
which are irritating to the well-informed. 
Probably this does not really matter. At 
least we hope and believe both books will 
prove useful in serving what has become a 
very important purpose. 
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The Mechanism of Phase Transformations in 
Metals. Institute of Metals Monograph 
and Report Series, No. 18. The Institute 
of Metals, 17, Belgrave Square, London, 
S.W.1. Price 50s. 


IN this volume the eighteen papers presented 
at a symposium held in 1955, with the dis- 
cussion upon them, have been reprinted from 
the Journal of the Institute of Metals, and so 
made available in a more convenient form. 
They fall into two groups dealing respectively 
with nucleation and growth processes and 
with martensitic transformations, though 
there is some apparent overlapping between 
the two, since there are differences of opinion 
as to the definition of a martensitic trans- 
formation and (as was pointed out) some 
phases said to be formed martensitically 
certainly undergo nucleation and growth. 
Those interested in metal physics will find 
that the papers contained in this volume, and 
especially the introductory surveys to each 
group, give a useful indication of the present 
state of knowledge of these different mech- 
anisms of transformation in alloy systems. 


Rilem Symposium on Winter Concreting. 
Concrete Publications, Ltd., 14, Dartmouth 
Street, London, S.W.1. Price 65s. 


ENGINEERS from many countries where con- 
creting has to be carried on at low tempera- 
tures presented the results of their experience 
in overcoming this problem at a symposium 
on winter concreting held in Copenhagen 
last year under the auspices of the Danish 
National Institute of Building Research. 
These papers have now been published with 
the discussions which followed them. The 
volume, which is printed in English 
but also includes an extensive summary 
in English, French and German of the 
principal conclusions reached, is the most 
comprehensive work on the subject so far 
published. The subjects dealt with are 
arranged under the following headings :— 
weather in relation to winter concreting ; 
experiments on the determination of the 
resistance of concrete to early freezing ; 
effect of temperature on the hardening of 
concrete ; resistance to frost at early ages ; 
ensuring high-quality concrete in winter; and 
construction in cold weather in various 
countries. 


Books Received 


Guided Weapons. By Eric Burgess. Chapman and 

a Ltd., 37, Essex Street, London, W.C.2. Price 
a. 

Man and Automation. By L. Landon Goodman. 
Penguin Books, Ltd., Harmondsworth, Middlesex. 
Price 3s. 6d. 

Atomic Physics. Sixth edition. By Max Born. 
Blackie and Son, Ltd., 17, Stanhope Street, Glasgow, 
C.4. Price 40s. 

The Direction of Research Establishments. H.M. 
Stationery Office, York House, Kingsway, London, 
W.C.2. Price 25s. 

Voltage Stabilised Supplies. By F. A. Benson. 
Macdonald and Co., Ltd., 16, Maddox Street, 
London, W.1. Price 50s. 

Metrology and Gauging. By S. A. J. Parsons. 
Macdonald and Evans, Ltd., 8, John Street, Bedford 
Row, London, W.C.1. Price 25s. 

Handbook of C ce and Industry in Nigeria. 
Third edition. The Federal Department of Com- 
merce and Industries, Lagos. Obtainable from 
Crown Agents for Oversea Governments and 
Administrations, 4, Millbank, London, S.W.1. Price 
10s. 

His Royal Highness the Duke of Edinburgh’s Study 
Conference on the Human Problems of Industrial Com- 
munities Within the Commonwealth and Empire, 1956 ; 
Vol I, Report and Proceedings ; Vol. II, Background 
Papers, Appendices and Index. Oxford University 

. House, Warwick Square, London, 
E.C.4. Price 42s. (Two vdlumes.) ‘ 
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British Standards Institution 
All British Standard Specifications can be obtained from the 

Sales Department of the Institution at 2, Park Street, London, W.1. 


METHODS FOR THE ANALYSIS AND TESTING 
OF COAL AND COKE 

No. 1016: Part 2: 1957, “ Total Moisture of 
Coke,” price 2s. 6d.; Part 3 : 1957, ‘* Proximate 
Analysis of Coal,” price 5s.; Part 4 : 1957, “* Proxi- 
mate Analysis of Coke,” price 3s. 6d. When first 
published in 1942, B.S. 1016 brought together in one 
publication a series of test methods previously dealt 
with in single standards, and included information on 
the laboratory preparation of samples for analysis. 
The standard was also linked directly with a com- 
panion specification (B.S. 1017) on methods of collect- 
ing samples. 

B.S. 1016 now deals only with the analysis and 
testing of coal and coke ; the preparation of samples 
for analysis will be dealt with in the forthcoming 
revised B.S. 1017. 

The new standard is being published in separate 
parts, as shown in the title, each covering a particular 
group of analysis, e.g. proximate analysis, ultimate 
analysis. This method of presentation will permit 
the revision of any part with the minimum delay, 
without the necessity of issuing a new comprehensive 
standard. Where the methods for a particular group 
of analyses for coke differ widely from those for 
coal they will be published as a separate part, but 
where the modifications for coke are slight they will 
be included as separate sections of the same part. 


MEASUREMENT OF AIR FLOW FOR COM- 
PRESSORS AND EXHAUSTERS 

No. 726: 1957. Price 6s.—The methods speci- 
fied in this revised publication are consistent with 
the principles stated in B.S. 1042, “‘ Code for flow 
measurement.” The two standards are complemen- 
tary : the code dealing with the design, installation 
and use of standard pressure-difference devices and 
the new publication concentrating on standard testing 
methods for compressors and exhausters. 

Additions to the standard include the requirements 
for a nozzle of yin nominal diameter for use in the 
method for the measurement of air flow by means of a 
nozzle in the pipeline : and requirements for per- 
forated plates for insertion in the pipeline when test- 
ing with a nozzle on the delivery side of a machine. 
Also new is a section ““ Measurement of air flow at the 
inlet, using a conical intake.” This method of measure- 
ment is particularly convenient where large flows are 
involved, or where space considerations or other 
limitations make measurement with a nozzle difficult. 

As in the previous edition, a table of dimensions of 
nozzles is included, with drawings of the smaller 
sizes of nozzle. Guidance is given on the selection 
of a suitable size of nozzle or intake and there are 
particulars of the instruments for pressure and tem- 
perature measurement. Methods of calculation are 
provided, and appendices give the derivation of the 
equations of flow through nozzle and intake. 


THERMOMETERS FOR SERVICE AND 
INDUSTRIAL USE 

Nos. 2840, 2841, 2842 and 2843 : 1957. Price 
2s. 6d. each, except B.S. 2842, which is 3s. These 
four new standards for thermometers of different 
kinds have been published to meet the requirements 
of the Services and for commercial and industrial 
applications. 

B.S. 2840, ‘“ General-Purpose Maximum and 
Minimum Thermometer (Six’s pattern),’’ specifies 
the materials, dimensions and construction for Celsius 
and Fahrenheit thermometers and for scale plates and 
frames suitable for use in greenhouses. The 
graduation and figuring of the scale and the accuracy 
and matching of the thermometer columns are also 
specified. 

B.S. 2841, ‘“‘ General-Purpose Wet and Dry Bulb 
Hygrometer,”’ specifies the materials, dimensions and 
construction for Celsius and Fahrenheit thermo- 
meters, scale plates and frames for an unventilated 
hygrometer such as is used in determining the relative 
humidity in mines, greenhouses, and textile and paper 
factories. The length, graduation and figuring 
of the scale and the accuracy and matching of the 
thermometers are also specified. 

B.S. 2842, ‘* Whirling Hygrometer (Medium Size),” 
specifies the materials, dimensions, construction 
gtaduation and figuring of three ranges each of 
Celsius and Fahrenheit thermometers for use in a 
whirling hygrometer for the determination of air temp- 
erature and humidity in ships, mines and factories. 
The essential requirements of the frame which 
holds the thermometers are also specified, and 
information is given in an appendix on the accuracy 
with which relative humidity may be determined by 
means of this instrument. 

B.S. 2843, ‘“‘Spirit-in-Glass Metal-Sheathed 
Thermometer,” specifies the materials, dimensions, 
construction, accuracy, graduation and figuring for a 
robust sheathed Fahrenheit thermometer suitable for 
use in water baths. 
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Research 
Headquarters 
of Detergent Factory 


On Friday of last week the Duke of North- 
umberland officially opened the new research 
headquarters of Thomas Hedley and Co., Ltd., 
at Longbenton, Newcastle upon Tyne, shown in 
the photograph reproduced on the right. The 
company was founded in 1837 by Thomas Hedley 
but since 1930 has formed part of the group con- 
trolled by Procter and Gamble of Cincinnati, 

Ohio. 





Research into the wear effect of toothpaste 
upon teeth is carried out by using teeth which 
have been irradiated and then measuring the 
radioactivity of the solution in which the teeth 
have been brushed and by this means the loss in 
weight of enamel can be measured to an accuracy 
of 3x 10-*oz. An important part of the research 
programme concerns packaging and the work 
deals with the strength of cases, suitability of 
inks and printing and bonding qualities of enamels. 
Many other aspects of both the production, develop- 
ment and use of detergents and allied products 
form the subject of research and one of the labora- 
tories is illustrated. 
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Since the amalgamation, new factories have been opened at Trafford 
Park, Manchester, and at West Thurrock, Essex, and a manufacturing 
development and research building, together with new administrative 
headquarters, at Newcastle. The steadily increasing volume of research 
required for the improvement of existing and the development of new 
products has outgrown the space available in the building, completed 
in 1949, which is now occupied by the basic research department. It 
is to house the remainder of the research division that the new head- 
quarters has been built and the front block of the building is of single- 
storey construction and measures 330ft by S50ft, while the rear block 
is 180ft long by 75ft wide and planned to house pilot plant. Offices 
and laboratories occupy the front block and in the rear block, besides 
various major pieces of pilot plant equipment which require the full 
height of the building, there is a mezzanine floor on which are further 
offices and laboratories. Under the floor are located the smaller items 
of pilot plant and the engineering division development section and 
service shops. In the pilot plant building, part of which we illustrate 
on the left, development work is carried out on detergent granules, 
soap and edible products, and the application of radioactive techniques 
to toothpaste research. The laboratories in the front block are con- 
cerned with the search for and selection of fluoresceins for detergents 
and their effect on material, while, in another section, the home laundry, 
practical tests are carried out to check the product characteristics 
when using the washing methods usually adopted in the home. Another 
section of the work is concerned with edible fats; and here oils are 
refined, decolourised, deodorised and flavoured to produce margarine, 
or given further treatment in a plasticiser and picker box to produce 
shortenings for bakeries. These products are tested in yet another 
department in which a wide variety of cakes are made and the result 


of using shortening assessed. 
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Post-Graduate School of 
Applied Dynamics 

IN October of this year a Post-Graduate 
School of Applied Dynamics will begin instruction 
within the Department of Engineering of the 
University of Edinburgh. The founding of this 
school is a response to the increasing require- 
ment by industry for advanced treatment of a 
wide range of dynamical problems of design and 
analysis, a requirement that has been empha- 
sised in recent years by the demand for improved 
performance in high-speed machines of all kinds. 

It is axiomatic that full use should be made of 
existing knowledge in an engineering problem, 
but the relevant knowledge is scattered through- 
out the technical publications of many countries 
and may be difficult to find. Furthermore, 
instruction and supervised practice are necessary 
before modern analytical and experimental 
techniques can be applied to their full advantage. 
The purposes of the new school are to study 
these modern techniques by means of lecture 
courses, based on the fundamental principles of 
dynamics, and to stimulate research in this field. 
The courses are designed to be of special benefit 
to those with experience in industry or research 
organisations. Approximately eight months, 
from early October to the following June, are 
required for the complete course. A degree 
in engineering, mathematics or physics is the 
normal entrance qualification, and the Diploma 
in Applied Dynamics will be awarded to those 
who complete the course satisfactorily. Although 
the advanced lectures on various topics in 
applied dynamics are the prime function of the 
course, they will be supplemented in two 
important ways. First, each student must under- 
take an experimental problem, which in suitable 
cases may be related to his previous work in 
industry ; although limited by time, such a 
study can provide valuable practice and useful 
results. Sir Edward Appleton, G.B.E., K.C.B., 
F.R.S., the Principal and Vice-Chancellor of the 
University, recently announced that a sum of 
approximately £20,000 had been donated to the 
school by industry in response to an appeal ; 
this sum is being used to add to the equipment 
available at present in the Department of 
Engineering. Temporarily the school is housed 
in the existing engineering building, but labora- 
tory accommodation has been allocated to it in 
an extension planned for the Department. 
Secondly, association with fellow students and 
staff will allow a continuous interchange of ideas 
between people of differing backgrounds but 
common interests. It is believed that the full 
exploitation of this association can form a 
rewarding feature of the course. 

There are five main lecture courses, varying in 
length from twenty to fifty lectures. Each course 
contains some introductory material in order to 
allow for the varying backgrounds of those 
attending it. A brief account of the contents of 
each course and of the approach to be followed 
is given below. : 

(1) “ Dynamics of Solids.’”” The material of 
this course bridges the gap between statements 
of fundamental principles and the highly mathe- 
matical approach to particular topics often found 
in advanced works. Here, as in the other courses, 
the emphasis is on engineering applications. 
For example, the dynamics of particles and of 
systems as expressed in Lagrange’s equations and 
Hamilton’s principle are reviewed ; a study of 
dynamical stability serves as an introduction to 
stability problems in non-linear vibrations and 
in control systems, which are considered later 
in the year. Various methods of approach to 
practical problems are illustrated by treating the 
motion of aircraft and vehicles and the dynamics 
of cams, gears and high-speed engines. Also 
some lectures are included on aspects of the 
theory of elasticity to form an introduction to 
the theory of vibration of shafts, beams, plates, 
and shells. 

(2) “* Mechanical Vibration.” In this course 
the theory and practice of vibrations as applied 
to engineering components and structures are 
studied. Developing from normal undergraduate 
material, linear systems are treated first, includ- 
ing vibration isolation, the principle of seismic 
instruments, absorbers, various types of damping, 
and the transient vibrations resulting from 
impacts. Then the vibration of elastic bodies, 
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such as beams, frames, plates, rings, and shells, 
are considered ; particular attention is given to 
the many approximate methods of obtaining the 
natural frequencies and modes of vibration of 
complex elastic bodies, for example turbine blades 
and aircraft wings, by using numerical analysis. 
After a general di ion of wave propagation 
in elastic bodies, some specific problems concern- 
ing machine foundations are treated. The 
relative simplicity and also the limits of linear 
analysis are shown by studying the methods of 
solving non-linear vibration problems. The 
theory presented in this section helps to explain 
many practical problems, including the chatter 
of lathe tools, the wind-induced vibrations of 
suspension bridges and tall chimneys, oil whip, 
and wheel shimmy. 

(3) ‘* Gyrodynamics.”’ The introductory lec- 
tures deal with the kinematics of two and three 
dimensional motion and the inertial properties 
of rigid bodies. Methods of solution using 
Euler’s equations and the generalised equations 
of momentum are applied to.a wide variety of 
engineering examples, including the gyroscopic 
effects of high-speed discs and rotors in machines 
and vehicles, gyroscopic stabilisers and many of 
the aircraft and marine instruments using gyro- 
scopes. The intention is not to describe in 
detail the systems of which gyroscopes form a 
part, although adequate reference is important, 
but rather to develop an insight into complex 
three-dimensional motions and confidence and 
accuracy in their analysis. 

(4) *“* Theory of Control Systems.’’ The rapid 
growth of interest in recent years in automatic 
control has shown the importance to the engineer 
of the principles of the design and operation of 
control systems. Following classification of the 
different types, the basic equations of linear 
servo-systems are studied and the representation 
of performance, including stability analysis, 
illustrated by reference to applications. Non- 
linear effects are also treated. The course should 
encourage a unification of thought as regards the 
many fields to which control systems are applied. 

(5) ‘* Analytical Methods.’ This course 
includes those general analytical methods which 
are useful in a broad range of dynamical prob- 
lems, such as Laplace transforms, the calculus 
of variations and matrices. Their grouping into 
a separate course facilitates their use in the 
other courses without extensive mathematical 
digressions, but at the same time the emphasis 
here is to present the mathematical tools from 
the standpoint of the engineer who has to use 
them. 

In addition to the main courses, shorter 
courses are included on topics such as fatigue, 
experimental methods and accuracy, and elec- 
tronic measurements in dynamics. Their object 
is to outline the important principles in those 
areas having a bearing on dynamical problems, 
and in the last-named to show the applications 
and limitations of components such as strain 
and acceleration transducers, amplifiers and 
power supplies. Certain lectures in the courses 
on control systems, analytical methods and elec- 
tronic measurements will be given by members 
of the staff of the allied Post-Graduate School 
of Electronics and Radio, which is established in 
the same department. The general arrangement 
of the course in applied dynamics concentrates 
the lectures towards the early part of the period 
of study, thereby enabling the student to devote 
more time to his experimental problem in the 
later stages. 





Kinetic Heating in Aircraft and 
Guided Missile Structures 


Durinc the high-speed flight of modern air- 
craft and guided missiles, the temperature dis- 
tribution in the structure becomes a matter of 
vital interest to the designers. It is essential to 
simulate in the laboratory the conditions likely 
to be met during high-speed flight and study the 
deformations caused by the thermal stress where 
unequal temperature distributions are caused 
by changes in speed. We learn that Metropolitan- 
Vickers Electrical Company, Ltd., has for the 
past twelve months been developing a complete 
system for this purpose, and that the necessary 
equipment is now available to aircraft manufac- 
turers. 
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The power requirement for the simulation of 
kinetic heating varies with the size and designed 
operating conditions of the specimen under test, 
from tens of kilowatts in pilot schemes to tens of 
megawatts where a full-sized project is on test. 
In the M-V system provision has been made to 
supply either controlled a.c. or controlled d.c. 
to meet this need ; controlled d.c. systems are 
generally favoured because of interference 
problems on the large numbers of measuring 
instruments. The power controllers may be 
either static (flux-resetting magnetic amplifiers 
or mercury arc rectifiers) or dynamic (field- 
controlled d.c. generators or servo-controlled a.c. 
regulators), each being available in a form which 
has the required response. 

A block schematic of the whole simulation 
system is given below. It will be seen that the 
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Block schematic of Méetropolitan-Vickers 
system for the complete simulation of kinetic heating 


control system for heating and stressing com- 
prises a “ Metro-Vick 950” digital computer, a 
function generator, and loading and heating 
controllers. The computer (1) is used to produce 
the parameter programme on which the tests are 
to be conducted. Its output can be on five-hole 
punched paper tape, which is then fed into the 
function generator (2). 

The simplified equation for heat flow into the 
structure gives : 


Q)A=h(Taw—ts) 
where 
Q/A=computed heat per unit area (required), 
h=heat transfer co-efficient. 
Taw=adiabatic wall temperature, 
and 
ts=specimen surface temperature. 


The function generator has been designed with a 
view to the addition of further terms in cases 
where a more rigorous solution is required. It 
has also been arranged to provide, where re- 
quired, a programmed control of forces applied 
to the structure during the test in synchronism 
with the heating cycle. The heating and loading 
programmes can be produced either by a single 
function generator, or where the time scales 
differ, by separate function generators. Systems 
can also be arranged to control the surface tem- 
perature f, instead of the heat flow Q if so 
desired. 

The outputs of the function generator are 
taken to the several heating and loading con- 
trollers, but for simplicity only one heating con- 
troller (3) and one loading controller (7) are 
shown. The output of the heating controller (3) 
is taken to a bank of infra-red lamps (4), which 
are suitably located with respect to the specimen 
structure (5). The heat measurement devices (6) 
feed back signals to the function generator and 
heat controller to maintain the desired heating 
function. Similarly, the output of the loading 
controller (7) is taken to the load actuator and 
load measuring device (8), which applies the 
required force to the structure and provides a 
signal that is fed back to the load controller. 

For protection in the event of structural or 
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system failure, circuits are included which can be 
arranged to shut down the heating and loading 
systems with minimum delay. H.v and Lv. 
switchgear (10) can also be supplied to suit the 
user’s requirements, 

The objective of this new Méetropolitan- 
Vickers development has been to provide a co- 
ordinated system for kinetic heating tests, while 
retaining the flexibility necessary to meet the 
varying requirements of different users. All the 
equipment from the h.v. switchgear and trans- 
formers to the infra-red lamps with their reflectors 
and supporting structures can be supplied by the 
M-V Company, thus relieving the user’s staff of 
the work of designing their own gear or co- 
ordinating the specifications of individual items 
obtained from different suppliers. 





Stretching and Detwisting Machine 
for Extruded Sections 


A LARGE piece of equipment recently installed 
at the Langley works of Southern Forge, Ltd., 
under that firm’s plant reorganisation and 
extension programme, is the 250-ton stretching 
and detwisting machine illustrated on this page. 
The machine was designed and built by Fielding 
and Platt, Ltd., Gloucester, and will handle 
extruded sections which may be contained within 
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hand operated. In practice, the hand-operated 
grips are preset in accordance with the work 
being handled and the actual clamping load is 
applied by the hydraulically-actuated grips. 

_ The detwisting crosshead is fitted with a 
similar gripping mechanism to that in the main 
ram crosshead, but in this case the mechanism is 
mounted in a housing. For twist removing 
purposes, this housing can be rotated within the 
crosshead through a worm drive by an electric 
motor and reduction gearing. The housing can 
be rotated 135 deg. either way at a speed of 
14 r.p.m., and a large diameter thrust bearing 
between the crosshead and the housing enables 
the housing to be rotated when under stretching 
head. A series of vertical spring-loaded rollers 
is mounted within its casting to ensure that the 
detwisting crosshead will float clear of the main 
frame to facilitate ease of movement when 
adjusting the distance between the two cross- 
heads. Self-contained pump and motor units 
are mounted on each crosshead for operation of 
the hydraulic gripping rams at a pressure of 
1500 Ib per square inch. 

The detwisting crosshead assembly incorpor- 
ates two pawl mechanisms for its adjustment 
along the length of the frame, the pawls being 
connected by linkage to a thruster which lifts 
and lowers their arms to lock or release them. 
The contact faces of the pawls are designed to 


Stretching ram of 250-ton stretching and detwisting machine coupled to gripping crosshead by tee-bars 


a 16in diameter circle and up to 45ft long. The 
distance between the gripping crossheads can be 
increased from Ift 8in to 49ft 6in in increments of 
20in, and the angle through which the detwisting 
head rotates is up to 135 deg. in each direction. 

The machine has a deep section fabricated 
frame designed to take the loads when stretching 
or removing twists in extruded sections without 
appreciable assistance from the foundations. 
The main cylinder is rigidly supported at one 
end of this frame and pawl plates with integral 
steel pawl stops are bolted at intervals along the 
top faces of the frame. The ram of this cylinder 
has a stroke of 5ft and is of hollow construction 
to enable extrusions of indefinite length to be 
handled. This main ram is actuated by hydraulic 
fluid at a working pressure of 4480 Ib per square 
inch, giving a maximum pull of 250 tons ;_ the 
approach speed being 4in per second and the 
pressure speed about 0-5in per second. A push- 
back cylinder built into the main cylinder 
assembly returns the main ram to its forward 
position on completion of the operating cycle. 
A ram head coupled to the main ram is supported 
on slides on the frame, and it is attached by 
heavy tie-bars to a gripping crosshead which 
also slides on wearing plates on the frame ways. 

A conical seating bored in the ram crosshead 
houses four gripping saddles, which are provided 
with a hand-operated mechanism by which the 
grips can be adjusted within a minimum angle of 
30 deg. The angle between the grips is also 
adjustable to a minimum of 72 deg., and a 
positive locking equipment holds them in the set 
position. Two of the four grips provided are 
hydraulically operated and the other two are 





‘lock in’’ when stretching load is applied, but 
are arranged to disengage readily when the 
thrusters move the pawl arms through their arc 
of travel. 

The crosshead is traversed in either direction 
along the frame by a high torque electric motor 
and reduction gear unit driving an endless chain 
attached to the head. Keeper plates, which are 
fitted to both crossheads, are arranged under and 
clear of the channel of the frame and serve to 
prevent the heads lifting in the event of a section 
breaking. Power is supplied to the crossheads 
through busbars mounted on the side of the main 
frame and trolley collectors on brackets on the 
heads. 





A.C. Winders at Manvers Main 
Colliery 


Tue recent modernisation scheme by the 
National Coal Board at Manvers Main Colliery 
in the North Eastern Division, No. 3 Area, 
included the installation of two winding engines 
to serve Nos. 2 and 3 shafts. The mechanical 
parts of these machines were manufactured by 
the Fraser and Chalmers Engineering Works of 
The General Electric Company, Ltd., and the 
electrical equipment to drive and control them 
was built by the Witton Engineering Works of 
the G.E.C. Both winders have drums of the bi- 
cylindro-conical type and are driven by a.c. 
slipring motors. The machine installed at No. 2 
shaft is designed to raise coal from a depth of 
1143ft in skips at the rate of 6 tons per wind, 
giving an hourly rated output of 415 tons. The 
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diameters of the drum are 12ft at the smallest 
dimension, and 18ft at the largest. Cheeks and 
cones are of cast iron construction and the shell 
plate over the 18ft portion of the drum is fabri- 
cated. The drive is transmitted to the drum 
through a spring-type flexible coupling and 
double helical reduction gearing. A synchronous 
speed of 375 r.p.m. is obtained by a 3-3kV slip- 
ring motor with a full-load rating of 1550 h.p., 
under the control of a servo-operated liquid 
controller, and the motor is reversed by an air- 
break stator reversing contactor. Pressure- 
applied mechanical braking as developed by the 
Fraser and Chalmers Engineering Works is 
employed on both winding engines and the 
brakes are Ferodo lined. The complete system 
is governed by a standard brake control unit 
which is designed to give graduated braking over 
the full range of the drivers’ handlever movement, 
that is when the handlever is moved halfway 
across its range of movement, half of the full 
braking torque is applied to the drum. 

The winding engine installed for No. 3 shaft 
is similar to that serving No. 2 shaft, but it is 
larger, being capable of raising 8 tons of coal per 
wind in skips with an output of 380 tons per hour 
froma depth of 2118ft. The winders serving these 
shafts are also employed in raising coal from two 
adjacent pits in the area, which are connected 
underground to the Manvers Main workings. 

The No. 3 shaft winder drum has a small 
diameter of 13ft and a large diameter of 20ft and 
is driven by a 2250 h.p. (3440 h.p. peak) 375 
r.p.m. motor. Control gear for this motor is 
similar to that provided for the No. 2 winder, 
comprising an air-break stator reverser, a liquid 
controller, and a sheet-steel cubicle control 
board and desk. Both machines are provided 
with spherical-seated self-aligning bearings for 
supporting the drum and pinion shafts. 





Export Packaging 


EXTENSIONS to its existing building in Catesby 
Street, Walworth, London, S.E.1, have enabled 
E.H. (Service Depot), Ltd., to bring its export 
packing department under the same roof as other 
sections of its works. The new department is 
concerned mainly with engineering parts and as 
products of this kind may remain stored and 
still packed for months or even years in tropical 
climates careful checking is essential before the 
goods are actually packed. . 

The factory covers some 10,000 square feet 
of floor space, covered by thermoplastic tiling 
to prevent the accumulation of dust, and is 
humidity and temperature controlled throughout. 
The layout has been planned to ensure a con- 
tinuous flow of parts from the reception bay 
to the despatch room, and it is claimed that 
between 25,000 and 30,000 packs can be handled 
each week. Items up to 20 tons can now be 
handled and packed. 

Parts to be packed are unloaded under cover 
and first passed to the pre-examination room, 
where they are carefully checked and inspected. 
Damaged or corroded items are cleaned, put 
through a drying oven and temporarily pre- 
served, and then set aside for further examina- 
tion. Parts in good order are passed to the 
bonded store where they are counted and binned. 
When withdrawn for packing, they are degreased 
and cleaned and then placed in an electric drying 
oven which is housed in the wall between the 
cleaning and preserving rooms. When perfectly 
dry they are passed through the doors on the 
preserving room side and are appropriately 
preserved immediately, as it is essential that the 
preserving operation takes place within five 
minutes of leaving the drying oven. As finger 
marks leave a _ residue on_ high-precision 
surfaces which can cause rust during storage. 
from the moment the goods are received they 
are handled by staff wearing rubber or cotton 
gloves until each item is safely preserved and 
packed into its carton or case. Items such 
as electrical parts, unsuitable for direct preserva- 
tion, are packed dry into the cartons which are 
then over-wrapped with a mouldable wrap and 
wax-dipped, thus providing a protective barrier. 
The treated articles, after wrapping, are passed 
through hatches from the preserving room to the 
packing benches for cartoning, sealing and 
labelling. 
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Forty-Hour Week 


The executive council of the Con- 
federation of Shipbuilding and Engineering 
Unions met last week. At the meeting, it 
was decided to submit to the engineering and 
shipbuilding employers’ federations claims 
for a forty-hour week, without reduction of 
pay, and for holiday pay at the rate of £2 a 
day. 

The present working week of forty-four 
hours has operated since 1946, and the most 
recent statistics indicate that the average 
hours worked amount to about forty-eight 
a week. The proposal for a forty-hour week 
has been discussed at various times during 
the last two years or so. An application 
for its introduction, which was presented to 
the engineering and shipbuilding employers, 
was refused last June. At the annual con- 
ference of the Confederation of Shipbuilding 
and Engineering Unions last August, the 
executive council was directed to press on 
with its efforts to obtain a forty-hour week. 
After last week’s meeting of the executive, 
Mr. H. G. Brotherton, president of the 
Confederation, said that the new claim was 
in no way related to the recent undertaking 
about a year’s standstill on wage demands. 
The demand for a shorter working week 
would have come inevitably, he asserted, 
because of the international movement in 
that direction. 


Overseas Trade 


The Board of Trade’s provisional 
estimate of the value of United King- 
dom exports in May is a record figure of 
£302,900,000. This was nearly £6,000,000 
above the high figure achieved in March. 
Taking the two months, April and May, 
together, the Board says that the average 
rate of export was 3 per cent greater than 
in the first quarter of this year, and 64 per 
cent higher than in the comparable period 
of last year. Imports in May, however, 
reached a value of £374,400,000, the average 
rate for April and May being 2} per cent 
above the average for the first quarter and 
11 per cent higher than in the corresponding 
months of 1956. With re-exports in May at 
£11,800,000, the excess of imports over 
total exports was £59,700,000. The average 
excess for April and May was £64,000,000, 
which was £21,500,000 higher than a year 
earlier. 


Tron and Steel 


The Iron and Steel Board has stated 
that, during May, the annual rate of British 
steel production rose to 23,046,000 tons. 
The average weekly output of ingots and 
castings was 443,200 tons. Pig iron output 
in May averaged 283,500 tons, which repre- 
sents an annual production rate of 14,742,000 
tons. 

The Board says that it is difficult to make 
a fair comparison between steel production 
in individual months this year and last year 
owing to the differing effects of holidays and 
the labour interruptions. But over the first 
five months of this year, steel output was 
4 per cent greater than in the comparable 
period of 1956, and pig iron production was 
5-9 per cent higher. Steel consumption in 
the United Kingdom in the first quarter of 
this year is put at 3,498,000 tons. This 
indicates an increase on the consumption 
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rate of the latter part of last year, but it was 
still 24 per cent below the consumption 
figure in the first quarter of 1956. The 
higher production, however, combined with 
the lower consumption of steel in the United 
Kingdom and a lower rate of stock building, 
has enabled a substantial increase in the net 
export of steel to be achieved. 

About steel stocks, the Iron and Steel 
Board says that at the end of March stocks 
of all products held by consumers and 
merchants amounted to 4,339,000 finished 
tons, compared with 3,914,000 tons a year 
earlier. A notable exception to the general 
increase in stocks was sheet steel, stocks of 
which fell during the first quarter of this year 
to the level of eighteen months ago, mainly 
as a result of adjustments in the motor-car 
industry. Plate stocks continued to increase 
during the first quarter of this year, and, in 
the main, the Board says, this was due to a 
rise in the stocks held by the shipbuilding 
and ship-repairing industry. It is probable, 
of course, that in many instances additional 
material was put into stock during the ship- 
building strike at the latter end of March. 


Industry and Taxation 

Addressing the annual general meeting 
of the Dunlop Rubber Company, Ltd., last 
Monday, the chairman, Lord Baillieu, 
expressed the hope that the recent Budget 
was the forerunner of further relief and tax 
reduction. The restoration of investment 
allowances was also necessary to industry, 
he said, or, alternatively, a more forward- 
looking attitude towards wear and tear 
allowances. 

Some contribution towards the replace- 
ment cost of fixed assets was acknowledged 
in other industrial countries, Lord Baillieu 
continued, and this country still required 
encouragement for the modernisation and 
re-equipment of factories. With the increas- 
ing tempo of world competition and of tech- 
nological developments, it was imperative 
that the industries of this country should 
be maintained in the most efficient and 
modern condition and that our factories 
should install the most up-to-date equipment 
available. 


Employment and Unemployment 


According to the Ministry of Labour’s 
latest report the number of people in civil 
employment increased during April by 53,000 
to a total of 22,961,000. The principal 
changes were seasonal ones occurring in 
agriculture and in distribution and miscel- 
laneous services. 

In the manufacturing industries the total 
employed at the end of April was 9,145,000, 
compared with 9,314,000 a year earlier. The 
main changes during April in these industries 
were an increase of 4000 in the number 
enguged in vehicle building and a drop of 
3000 in the number employed in the engineer- 
ing, metal goods and precision instruments 
group. The total employed in this latter 
group at the end of April was 2,781,000, 
compared with 2,812,000 at the end of April, 
1956. In industries outside manufacturing, 
one small change reported by the Ministry is 
in building and contracting, where the 
number at. work declined by 1000 in April 
to a total of 1,501,000. The report also 
states that, in the four weeks ended May 8, 
the employment exchanges filled 169,203 
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vacancies, the number of vacancies notified, 
but remaining unfilled at that date, being 
283,000. That was 97,000 fewer than a year 
ago. 

The latest figures available about unem- 
ployment show that the number of people 
registered as out of work in Great Britain 
on May 13 was 313,472, compared with 
342,259 on April 15. The May figure, which 
represented about 1-5 per cent of the total 
number of employees, included 19,529 who 
were temporarily stopped and 146,326 who 
had been unemployed for more than eight 
weeks. The Ministry of Labour’s report 
also records the fact that the number of 
operatives working short time in manufactur- 
ing establishments in the week ended May 4 
was 72,000, which was 10,000 less than a 
month previously. 


European University Interchange 


The value of University interchange 
as a factor in promoting European under- 
standing is emphasised in a report which has 
been issued by the Committee for Foreign 
University Interchange and published by the 
British Council. It is stated that the 551 
visits which have been arranged under the 
interchange scheme during the last eight 
years have produced a total of 985 
“contacts” between the participating 
European universities. In a foreword to the 
report, Sir James Mountford, Vice-Chancellor 
of Liverpool University, says that the cumula- 
tive effect of these schemes has resulted in a 
‘really impressive number of academic 
contacts,”’ and that “ the learned world owes 
a debt to the work that has been done.” 

The report states that the scheme for the 
interchange of short visits, lasting one to 
three weeks, by university teachers, which is 
administered with the help of the British 
Council, came into operation in 1948 between 
the United Kingdom and Belgium and has since 
been extended to include Austria, Finland, 
France, Germany, Iceland, Italy, The Nether- 
lands, Norway, Portugal, Spain, Sweden, 
Switzerland and Yugoslavia. A _ yearly 
interchange of sixty-three visits is at present 
carried out each way between these countries, 
and during the current year it is planned to 
extend the scheme still further by the inclusion 
of Denmark, Turkey and Poland. The 
report also describes a supplementary scheme 
developed between the United Kingdom, 
Belgium, France, Germany and Yugoslavia, 
for assisting younger research workers to 
further their investigations by personal 
contact with others working in the same 
field abroad. Belgium, France, Germany 
and the United Kingdom also plan to intro- 
duce in the next academic session a new 
scheme for the exchange of ionger teaching 
visits of one term or semester. 

In the field of post-graduate scholarships, 
the report records that 684 students from the 
Continent have been given awards by the 
British Council for study in the United 
Kingdom, whilst 549 British students have 
been helped by foreign governments or 
universities to study on the Continent. 
Reference is also made to the growing 
number of awards offered by such bodies as 
the Council of Europe, the High Authority 
of the European Coal and Steel Community, 
Unesco and Nato, and the interest shown by 
Western European Union in fostering co- 
operation between the universities of Europe. 











Continental Section 


THE ENGINEER 


World Power Conference 


The Eleventh Sectional Meeting of the World Power Conference was held in 

Belgrade from June 5 to 11. Our article describes the event, the theme of which 

was “‘ Power as a factor of development of under-developed countries,” and which 

was attended by delegates from all over the world, including a strong British 
contingent. 


N June 5, the eleventh sectional meeting 

of the World Power Conference opened 
in Belgrade under the chairmanship of Ing. 
Cedomil Milicevic, director general of the 
Yugoslav Federal Electricity Board and 
president of the Yugoslav National Com- 
mittee of the World Power Conference. 


OPENING MEETING 

In his opening speech, Mr. Edvard Kardelj, 
vice-president of the Federal Executive Coun- 
cil, under whose sponsorship the meeting 
was held, referred to the fruitful co-operation 
among nations which had shown itself for 
over three decades in the work of the World 
Power Conference, and for which the need 
at present was greater than ever. 

Contemporary growth of energy re- 
sources and of production had transcended 
national boundaries, and was world-wide, he 
pointed out. Two alternatives could develop 
from this : the strong, industrialised nations 
might use their material advantage to 
perpetuate the gap between themselves and 
the under-developed countries, with eventually 
catastrophic consequences, or else the present 
efforts might prevail to establish co- 
operation among nations for the utilisation 
of material resources. Not only would the 
latter course speed up the development of 
those resources, but it would also help to 
eliminate some of the causes of present inter- 
national tensions. 

It was for that reason that he specially 
welcomed the adoption for the present meet- 
ing of the theme “Power as a factor of 
development of under-developed countries.” 

Mr. Kardelj was followed on the rostrum 
by Dipl.-Ing. Franz Holzinger, chairman of 
the World Power Conference, Mr. Hugh 
Keenleyside, director-general of the U.N. 
technical assistance agency, and by the follow- 
ing representatives: Dr.-Ing. E.h. Heinrich 
Kost (German Federal Republic) Mr. 
Soerjono (Indonesian Republic) Mr. Kenneth 
Milne (Australia), Ing. Eugeniusz Zadrzynski 
(Poland), and Sr. José Antonio Carvallido 
(Uruguay). — ; 

The opening session was conducted by 
the chairman, who spoke of the twofold 
task of the gathering, to promote science and 
technology, in order to further the produc- 
tion and application of energy in the under- 
developed countries where energy production 
is still far too low, with resultant economic 
stagnation due to the low productivity of 
labour. The speaker stressed the importance 
to under-developed countries of developing 
efficient nuclear power plants of small 
capacity, up to about 1OMW. This was one 
aspect where help from the highly industrial- 
ised countries was in the common interest, 
as economically strengthened under-developed 
countries would offer the industrial nations 
new markets for their products. There were 
of course, other forms of energy, such as 
water and tidal power, which stood in need of 
development. Although, from its foundation 
until mid-1956, the International Bank for 
Reconstruction and Development had granted 
more than one-third of its loan total of some 
24 billion dollars to the electricity supply 


industry, some supplementary international 
finance was essential, in Dr. Holzinger’s 
opinion. 

RUSSIAN DEVELOPMENTS 


The first speakerin the afternoon, Academi- 
cian A. V. Vinter, recalled the rise of elec- 
trification in Russia under the Goelro plan 
for the period 1920-1935, and subsequent 
developments. Electricity generation in 1956 
amounted to over 192,000 million kWh, or 
384 times the figure for 1920 ; while the aim 
for 1960 was a figure of 320,000 million kWh. 
At the beginning of this year, 35 turbo- 
generators of 100MW capacity and three of 
150MW were in use. Several 200MW sets 
would come into service in the near future, 
while sets of 300MW were being studied. 

Thermo-electric power stations of 800MW 
to 1SOOMW were under construction, but 
their power was being far surpassed by the 
large hydro-electric plants now being built. 
This year, Kuibishev was due for completion, 
with an installed capacity of 21I00MW, larger 
than the Grand Coulée (1974MW), to be 
followed next year by the Stalingrad station 
with 2310MW. While Irkutsk (600MW) was 
already in operation, Bratskaya on the river 
Angara (3600MW) was under construction, 
and preparatory work had begun at Kras- 
noyarsk (4000M W) on the Yenisei river, where 
a further plant of 6000MW could also be 
constructed. Whereas sets for Kuibishev had 
capacities of IO0SMW, those for Kras- 
noyarsk were planned to be 250M W to300MW 
sets. By 1970, the European and Siberian 
parts of the Soviet Union would be linked 
over distances of 10,000km by transmission 
lines ranging from 35kV to 400kV. 


CONDITIONS IN INDIA 


Conditions in India were referred to by 
Dr. H. J. Bhabha, chairman of the Indian 
Atomic Energy Commission. It was essential 
for under-developed countries to ensure an 
adequate production of electricity, but it 
was also important not to over-invest in 
electrical installations, because of other capital 
needs, although it was better to err on the 
side of generosity. The speaker considered 
that with the dispersed nature of the demand 
which is met with in under-developed coun- 
tries, the scope of atomic power was at 
present somewhat limited, since only large 
atomic stations, of 1JOOMW to SOOMW, were 
likely to be competitive with thermal stations. 
India, with its population of 380 million, had 
proven coal reserves amounting to only 110 
tons per head, and a hydro-electric potential 
of under 40,000,000kW. However, rich 
deposits of nuclear fuels and materials 
(uranium, thorium, beryllium and zirconium) 
had been located, which amounted to fifteen 
times the coal equivalent of proven fissile 
fuels. Concentrated industry, such as chemi- 
cal industry, at centres such as Bombay and 
Delhi, would justify the installation of atomic 
power, since large savings in transport costs 
would accrue. Among the plans mentioned 
by Dr. Bhabha was the production of 
uranium metal and of heavy water, the latter 
in conjunction with the manufacture of 
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fertiliser, when a production cost of 18 dollars 
per pound could be achieved. Beryllium- 
oxide-moderated, gas-cooled, reactors, with 
under 30MW output were being studied. 


THE INVESTMENT PROBLEM 


A strong plea for private enterprise in the 
development of power production was made 
by Mr. Walker Lee Cisler, president of 
Atomic Power Development Associations. 

While engineering problems could be 
resolved in a rational, straightforward man- 
ner, other and more complex questions, of a 
political and economic nature, had more 
often than not proved the real limiting 
factors. No valid formula for optimum 
investment was available or practicable. But 
a country must be able to finance the con- 
struction and operation of power facilities. 

Economic development was only possible 
when funds were available for investment, 
not only in power production but in all 
industries. The speaker illustrated his points 
by reference to the United States, where grid 
capacity at the end of 1956 amounted to 
123,000MW, to be increased by the end of 
1960 to 171,000MW. Of the present capacity, 
about 76 per cent was owned by private inves- 
tors; securities of independently owned power 
systems at the end of 1955 had a face value 
of about 28,000 million dollars, and invest- 
ments were increasing at the rate of 2000 
million dollars per annum. Under-developed 
countries found it difficult to raise the large 
funds required for adequate power expan- 
sion ; while he had no solution for that side 
of the problem, he thought that private 
investment must play a large part, and for it 
to be able to do so, governments must 
maintain confidence by maintaining stable 
conditions. 


PROBLEMS OF UNDER-DEVELOPED COUNTRIES 


Sir Harold Hartley, addressing the plenary 
session, outlined the major problems of 
under-developed countries which would be 
facing the delegates. One of these was pro- 
ductivity in agriculture, another was scientific 
and technical research. A proper balance, 
depending upon local conditions, would have 
to be struck between the use of human labour 
and of machine power, in carrying out 
development projects. Planning on a 
national scale was necessary and the objects 
of such planning, with regard to energy, 
related to its use in industry, agriculture, 
communications and transport, and in the 
home. Sir Harold concluded with a dis- 
cussion of the general principles of determining 
priorities of investment and the course of 
development. 

Because of the many uses of farm and 
forest products as industrial raw materials, 
agriculture should receive a degree of atten- 
tion going even beyond that dictated by the 
need for food. Low-cost energy and good 
communications were the key to prosperity. 
Looking beyond the immediate economic 
problems to the ulterior questions of the 
pattern of life of individuals and human 
fulfilment, Sir Harold did not think satisfac- 
tion could come from “ the invention of an 
infinity of contrivances.” Equal standards 
of living throughout the world were a physical 
impossibility. 

Mr. Gunnar Myrdal, executive secretary 
of the Economic Commission for Europe, 
for the World Power Conference, expressed 
the opinion that national planning—essential 
for the economic rise of an under-developed 
country—could not be made in terms of 
costs and profits of individual enterprises ; 
the whole meaning of a national plan being 
to give investment such protection from 













re ETO ATT pus - " 









1c 
le 
of 


ig 


bene a i is | waeeeheo]wJ “a= We 


Se 

















Continental Section 


market forces as would permit it to be 
undertaken in spite of the fact that it might 
not appear remunerative according to private 
business calculations. Every new invest- 
ment, however, had an additional kind of 
yield besides the expected monetary return. 
Particularly, investments in power could 
provide the decisive stimulus to begin the 
** take-off into sustained growth,” enabling a 
country to “ lift itself by its own shoe-strings.”” 
As an example of an “ uneconomic ”’ project 
which later proved thoroughly worthwhile, 
the speaker mentioned the Genissiat power 
scheme on the Rhéne. Development of power 
resources seldom proved a mistaken invest- 
ment. International pooling of resources was 
often an answer to the investment problem, 
an example being the “‘ Yougelexport” pro- 
gramme which had been worked out under 
E.C.E. auspices. The scheme would cost 
400 million dollars and provide for the 
export from Yugoslavia to Italy and the 
German Federal Republic of 5000 million 
kWh annually. 


ENERGY AND MANKIND 


The afternoon’s programme concluded 
with the lecture “‘ Energy and Mankind ” by 
M. Alfred Sauvy, director of the Institut 
National d’Etudes Démographiques, Paris. 
Given an adequate food supply, a human 
population could at least double itself every 
thirty-five years, i.e. multiply by a factor of 
seven in a century. Thus, without excess 
mortality, the world population since the 
time of the Emperor Augustus would have 
increased by a factor of 8x 10'*. Even with 
an increase of only | per cent per year, a 
Roman couple of the time of Augustus now 
would have 940 million descendants. Various 
factors combined to reduce the increase in 
twenty centuries to a tenfold one. Medical 
and technical developments in the last 
century, and even more in the present one, 
had shown what the biological possibilities 
were, when the population of several countries 
had tripled within a century, in spite of wars 
and strong emigration. Some countries 
had even reached a rate of increase, where 
the population doubled itself in twenty-five 
years (3 per cent per annum). 

The basic cause for the unbalance be- 
tween birth rate and mortality might be 
sought in the application of medical science 
which in the nineteenth century could not 
overtake the economic development, while 
now being a public service, it could do so. 
Medicine had become inexpensive: the 
eradication of malaria had on average cost 
35 cents per head of population. A sur- 
prising consequence was that the 50,000,000 
dead of the last war had been replaced, in 
numbers, within ten years. 

This state of affairs made it absolutely 
essential to embark on intensive economic 
development. Investments could be classed 
as those which would provide a base of 
existence for the new populations and those 
which would actually raise the standard of 
living. An increase of 1 percent of the popula- 
tion absorbed investments representing 3 to 
5 per cent of the national income, an in- 
crease of 2-5 per cent per annum required 
10 per cent of the national income. Similarly, 
an increase in productivity, i.e. in the stan- 
dard of living, of 1 per cent required invest- 
ments of 3 to 5 per cent of the national 
income. A third factor affecting the standard 
of living, besides growth of population and 
investment rate, was the efficiency of the 
investments made. The speaker proceeded 
to consider the part played by energy in 
economic expansion. In certain domains— 
such as science and organisation—energy 
requirements were minute, while industrial 
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production required large amounts. The 
basic factor limiting the development of 
under-developed countries was, however, 
not so much lack of energy resources, but 
shortage of skilled personnel. 


EXCURSIONS 


Excursions during the meeting included 
visits to the Zvornik hydro-electric plant, 
the “‘ Kolubara ” thermal power station, and 
the porcelain insulator factory at Aran- 
delovac. Zvornik was completed in 1955. 
and produces 406 million kWh in the mean 
year with an installed capacity of 92MW ; it 
is 170km from Belgrade on the river Drina. 
Kolubara is 45km from Belgrade and has a 
capacity of 64MW; annual output is 
280 million kWh. Other excursions included 
a visit to the Institute for Nuclear Science 
at Vinca, and the machine tool factory 
“Ivo Lola Ribar” at Zeleznik. Post- 
conference tours to places of industrial 
interest had also been organised. 


TECHNICAL SESSIONS 


In order to give as much time as possible 
to discussion, the papers submitted to the 
eleventh sectional meeting: of the World 
Power Conference were not read in full, but 
were merely introduced by the general 
reporter. The general reports were printed 
in the four working languages (English, 
French, German, and Russian); papers 
as well as the general reports are to be 
published in full in the transactions, which 
will also contain summaries of the dis- 
cussions, the chronicle of the conference, a 
list of participants, and an index. 

The technical programme was grouped 
under two main headings: Division A— 
Economic Aspects (thirty-seven papers) and 
Division B—Technical Aspects. The latter 
was subdivided into : B.1—Integral Utilisa- 
tion of Water Resources (thirty-six papers) ; 
B.2—Integral Utilisation of Low Quality Solid 
Fuels (thirty-eight papers) ; B.3—Utilisation 
of Nuclear Power (six papers) ; B.4—Power 
and Agriculture (fifty-five papers) ; and B.5 
—Power for the Metallurgical, Chemical and 
other Industries (sixteen papers) 

In what follows, we shall give a brief 
résumé of some of the aspects which were 
dealt with. 


ECONOMIC ASPECTS 


Man is dependent upon water in the use 
and development of all other resources. In 
order to achieve the best living standard pos- 
sible, it is necessary to obtain a harmonious 
interaction and utilisation of the available 
resources, and in particular of water and water 
power. The benefits from integrated develop- 
ment of water resources are discussed in 
paper A-1 with brief reference to the western 
U.S.A., where the Bureau of Reclamation has 
prime responsiblity for this matter. During 
the last half century, the Bureau has spent 
2-6 billion dollars there, and is supplying 
water to about 6,250,000 acres of arid or 
semi-arid land, or about one quarter of the 
total irrigated acreage in the United States. 
The power installed by the Bureau is close on 
SO0O0OMW, about 20 per cent of the total 
hydro-electric capacity, and 4-3 per cent of 
the total generating capacity in the country. 
While total population has increased by 
10-9 per cent in the last five years, in the arid 
western states it has increased by 1-77 per 
cent, resulting in conflicting demands in 
water use ; these are generally resolved in 
favour of consumption as against power use. 

Realisation of the wastefulness of piece- 
meal development of water resources has led 
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to the overall planning of complete schemes 
of river basin developments. The allocation 
of costs between those who share the benefits 
is a controversial subject and no universally 
accepted method of allocation can be put 
forward (A.3). A balanced development is 
desirable not only between different areas of 
the nation of a region, but also between 
industry and agriculture, urban and rural 
cultures, and between the various groups of 
people that make up a society. Excessive 
emphasis on over-concentration of hydro 
development on a few big plants, and over- 
emphasis on industry, particularly heavy 
industry, may leave an under-developed 
country with the symbol of development 
rather than the substance. Low productivity 
and living standards are as much the product 
of poor government as of lack of productive 
facilities, and unified, sound organisation 
with flexibility and initiative is essential 
(A.30). 

What has been achieved by energy develop- 
ment in the course of the last few decades 
and years is the subject of a number of papers. 
In the case of Spain, paper A.31 considers 
the relationship between gross power con- 
sumption per inhabitant and per capita 
income, from 1929 to 1955. Economic 
development and energy consumption in 
Japan from 1895 to 1940 are compared in 
(A.34). Countries with a yearly production 
per head of under 200kWh may be classed as 
less developed, those producing 200kWh to 
800kWh as average, and those producing over 
800kWh as highly developed, according to 
(A.35), which compares power develop- 
ments at various periods in the U.S.A., 
U.S.S.R. and Czechoslovakia. In this paper 
the attempt is made to relate development to 
investment in new power equipment ; this 
may vary between 0-5 and 3 per cent of 
national income, and 5 and 10 per cent of 
the total national investment. To establish 
approximately whether a correct balance has 
been struck between investments in power 
generation and investments in industries to 
be supplied with electric power, is the object 
of paper (A.33), which bases its analysis on 
the statistics of various countries. 

A procedure for determining the factors 
affecting energy consumption is developed 
in (A.36), which applies statistical methods 
with the main emphasis on ‘‘ micro- 
economical” research. The relation between 
power supply and national production 
is the topic of (A.11). From the point 
of view of the load factor, and the 
expected price of gas/diesel oil in 1965, paper 
(A.7) concludes that in most cases under- 
developed countries will find nuclear power 
from small plants (1OMW) dearer than diesel 
or hydro power, although where the load 
factor and the price of gas/diesel oil are 
high, nuclear power may be cheaper than 
diesel power. Plans for the development of 
Siberian power resources not only meet the 
requirements of the large electric power and 
thermal consumers, but enable 30 to 40 billion 
kWh to be transmitted for increasing the 
power supply of the Ural grid system 
(A.6). In Iceland technically available 
hydro and geothermal power is estimated at 
over 50,000gWh per year, or 300,000kWh 
per year per head of population (160,000 
inhabitants). (A.23) discusses the prospects 
of utilising some of this potential. 


INTEGRAL UTILISATION OF WATER 
RESOURCES 


Some of the most important hydro-electric 
schemes of the world are situated in the 
U.S.S.R. Paper (B.1—2) ‘describes the 
underlying principles of Russian hydro- 
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electric development, and the main types of 
hydro-electric power station linked to the vari- 
ous grid systems. The report shows the con- 
nections between various natural conditions 
and certain main standard schemes which 
have developed. 

The relative importance of the various 
factors—power, irrigation, water transport, 
flood control—is considered in (B.1—5) in 
relation to the schemes of the Kura (Cau- 
casus), the Dnieper, the Syr Daria, and the 
Zeja (Amur basin). A joint development 
project of the Paskielv, the river forming part 
of the border between Russia and Norway in 
the Far North, is discussed in (B.1—7), 
while (B.1—11) deals with the hydro-electric 
schemes on the Volga and Kama Rivers, 
which will have a total capacity of 11,000MW 
and a mean generation of 50 billion kWh per 
annum. Current is expected to cost only 
one-quarter to one-fifth of that generated 
in a thermal plant. Water turbine design in 
the U.S.S.R, from the early models to the 
most recent machines, is the subject of 
(B.1—20). 

Spain, with a hydro-electric potential of 
9000MW, has already installed 36-6 per cent 
of this capacity, and it is expected that 
hydro power will be completely utilised 
within the next twenty years (B.1—15). 
Consumption rose from 121kWh per in- 
habitant per annum in 1939 to 405kWh in 
1955, and is anticipated to rise to 616K Wh in 
1958. The possibility, with reference to 
Spain in particular, of transporting hydraulic 
energy in a “national hydraulic grid,” is 
considered in (B.1—24). Experiments aimed 
at producing artificial rain by means of silver 
iodide are stated in (B.1—17) to have shown 
that the cost of artificially produced rain 
water is under 0-0005 pesetas per cubic metre. 

Co-operation of water and steam power 
stations on a national and international basis 
is the subject of (B.1—22) which deals with the 
case of Austria. This country has economi- 
cally exploitable hydro resources of about 
40,000 million kWh, which could be pro- 
duced by an installed capacity of 10,000MW. 
At the present time, only about one fifth of 
this total is in use. Austria is also the third 
largest European producer of oil (proven 
reserves, 95,000,000 tons). The annual pro- 
duction of oil is about 3,500,000 tons, and 
that of natural gas is approximately 800 
million cubic metres. About 7,000,000 tons 
of coal are produced per year, and exploitable 
reserves are said to amount to 200 million 
tons. Of the annual maximum production of 
40,000 million kWh, about one-third would 
be winter power (October/March). Even 
now, winter power must be supplemented 
with thermal power, while in the summer the 
hydro-electric output fills the demand and 
some of it is even available for export. These 
conditions demand interchange with neigh- 
bouring countries which have a different 
hydraulic régimé such as Yugoslavia, or pre- 
dominantly thermal production, such as the 
German Federal Republic and Czecho- 
slovakia. In a future continental power 
pool system, Austria will be able to satisfy 
part of the peak demand. 

Storage reservoirs serve the purpose of 
transferring generation to the time when it is 
most required, i.e. from summer to winter. 
Their construction is, however, a costly affair. 
In (B.1—36), a new pliant is discussed which 
allows the accumulation of daily or seasonal 
surpluses of energy until they are needed. 
The scheme comprises a gas turbine and an 
air accumulator formed underground by 
water bearing strata. Losses are stated to be 
1 to 2 percent. It is claimed that peak loads 
can be supplied at the same cost as base loads, 
and that the cost per kWh of peak load is 
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40 per cent below that for a normal gas 
turbine power station. 


INTEGRAL UTILISATION OF LOW QUALITY 
SOLID FUELS 


Several papers in this section deal with 
application of low quality coals to the 
manufacture of iron and steel (B.2—2, B.2—15, 
B.2—20) and the manufacture of brown coals 
and peat into briquettes (B.2—21, B.2—22). 
Because of the shortage or non-existence of 
high grade coals, efforts are being intensified 
to use lower grades wherever possible, e.g. 
in power stations (B.2—8) and for the manufac- 
ture of town gas (B.2—1) and synthesis gas 
(B.2—26). Oil shale is another very poor fuel 
which is of interest because of the enormous 
known deposits. Methods of utilising it are 
mentioned in (B.2—3) (Kvarntorp retort 
method), (B.2—10) (French developments), 
and (B.2—11) (Russian experiences). 

British experiments with underground gasi- 
fication (B.2—14) on the lines of American 
and Russian practice (B.2—33), has been with 
bituminous coal seams up to Im thick and 
up to 80m below the surface. High pressure 
and electro linkage were tried, as well as the 
“in-and-out” technique, and methods in- 
volving underground manpower. The paper 
analyses gas costs which at one site in 1955 
were assessed at lid. to 34d. per therm. 

The production of combustible gas from 
low grade solid fuels and agricultural 
wastes is reviewed in (B.2—7). 

Iceland’s thermal energy has been esti- 
mated at 3x10° k.cal/h, representing 
2,600,000 tons of oil per annum, a small 
proportion of which is used for space heating 
and the drying of fish and timber. (B.2—5) dis- 
cusses possible industrial uses such as the 
extraction of chemicals from seawater and 
seaweed mineral processing, and the produc- 
tion of heavy water. 

About one third of all fuel produced in 
Rumania in 1955 was in the form of natural 
gas, of which 3,800,000 cubic metres were 
obtained. The gas emerges under a pressure 
of 4 to 150 atm. which usually has to be 
reduced by throttling before feeding into the 
mains. In (B.2—18) a survey is given of 
methods for utilising the pressure energy of 
the gas. These include the use of jet com- 
pressors, turbines, and “tornado-refrigerators”’ 
(Ranque tubes). Ranque tubes use the 
potential energy of the gas to separate it into 
a hot and a cold stream. Experiments were 
carried out with a large tube using 300,000 
Nm* per day at 40 atm. The pair of tem- 
peratures with the lowest temperature was 
(—51 deg. Cent., +38 deg. Cent.), that with 
the highest was (—15 deg. Cent., +110 deg. 
Cent.). Applications include warming and 
cooling of the natural gas, improvement of 
the efficiency of expansion turbines or jet 
compressors, regeneration of silica gel, and 
the chemical industry. 


NUCLEAR POWER 


The application of nuclear power as the 
ultimate solution to the energy problem of 
the world is to-day foremost in people’s 
minds. It may seem to be surprising, there- 
fore, that only six papers were submitted to 
the conference under this section. The 
answer is, of course, that developments are 
still at an early stage and that, as one author 
said, “‘ nobody really knows how much it 
costs.” This applies with particular force to 
small reactors, say under SOMW, which are 
of special importance to under-developed 
countries where concentrated demand does 
not exist, or where it exists. accounts for only a 
fraction of the potential consumption. It 
was of interest to learn from Dr. Bhabha’s 
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speech that India is making important efforts 
to develop medium and small power reactors. 

An attempt to establish costs for nuclear 
plants of under 40MW is made in (B.3—1), 
which tabulates all American reactor experi- 
ments and small power reactors, the 
latter ranging from 1-8MW to 250MW 
electrical output. The paper estimates 
the first cost per kilowatt as 1250 dollars 
for the smallest and 220 dollars for the 
largest reactors, no estimates being offered 
for fuel and other costs. Of the designs 
considered suitable in small sizes, the 
paper deals with the pressurised water reactor 
(as fitted in the submarine Nautilus), the 
boiling light water reactor “‘ Borax,” and the 
aqueous homogeneous reactor. Recent 
developments or proposals include the 
““Lapre” homogeneous water reactor (Los 
Alamos), a boiling heavy water reactor, a 
homogeneous heavy water reactor, a sodium- 
cooled design with heavy water moderator, 
a sodium graphite reactor of 7-SMW, and 
organic moderated reactors (National Re- 
actor Testing Station, Idaho). The liquid 
metal fuel reactor, first studied at Brook- 
haven in 1947, is to be built by A.E.C. with 
a capacity of SMW to 1OMW of thermal 
power. This design, the ‘‘ Lmfre,” will have 
as fuel a solution of U235 in bismuth. In 
addition to the bismuth itself, graphite is 
used as moderator. If fuelled with U233 it 
can breed U233 from thorium in a blanket 
surrounding the core. An atomic gas turbine 
plant is also being studied in co-operation 
with the Army. 

United Kingdom experience is the subject 
of (B.3—2), which describes nine technically 
developed designs of power reactor and dis- 
cusses their applicability to under-developed 
countries. The author comes out in favour 
of the gas-cooled graphite-moderated reactor, 
which can be built in not too large sizes to 
operate with natural uranium, and for which 
the materials of construction and the fuel 
are likely to be more readily available than 
is the case with reactors .using enriched fuels 
or thorium. The Westinghouse pressurised 
water reactor is described in (B.3—3) from the 
point of view of its applicability to under- 
developed countries, sizes of 11-5MW, 
1SMW, 68MW and 143MW electrical output 
being thought to be particularly suitable for 
this purpose. The organic moderated reactor 
(OMR) has already been mentioned. 
(B.3—5) describes a design which is scheduled 
to go into operation at Arco, Idaho, by mid- 
1957. In this 12-SMW reactor a liquid 
polyphenyl serves the multiple purpose of 
moderator, reflector, and primary heat 
transfer medium. Also described is the 
organic moderated reactor experiment, 
which includes a 16MW materials testing 
reactor. The history of Canadian atomic 
progress is reviewed in (B.3—6), where 
the Department of Mines and Technical 
Surveys has played a significant part, 
particularly with reference to the develop- 
ment of ore processing and the metallurgy of 
reactor materials. The Canadian develop- 
ment has been concentrated on natural 
uranium and includes a nuclear power 
demonstration reactor of 20MW electrical 
power, which will permit practical experi- 
ence to be gained. Atomic possibilities 
in Poland are discussed in (B.3—4) 
on the basis of an analysis of conventional 
resources and future demand ; it is pro- 
posed to complete the first atomic power 
station, a unit of 200MW, by 1965. 


POWER AND AGRICULTURE 


This section comprised a large proportion 
of the papers submitted. The great variety 
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Cintinental Section 


of the problems discussed makes it impossible 
to review the section in detail in the space 
available, and only a few items are singled out 
for mention. A 2-5MW mobile steam power 
plant mounted on railway bogies is the 
subject of (B.4—7). Electrification has 
been carried out in a sparsely populated 
mountain and forest region of North Sweden 
to the extent of 100 per cent in the larger 
centres and 97 per cent in rural districts 
(B.4—14). Yugoslav experience since the 
war is discussed in (B.4Q—32) ; about 0-4 per 
cent only of the total annual generation is 
used in agriculture, so that there is a large 
scope for expansion. Water power in Japan 
dates back to 1890, when two plants of 
160kW and 20kW were installed for factory 
lighting. Potential resources for small power 
plants amount to 1700MW at 4500 sites, 
about 20 per cent of the total hydro-electric 
resources. Since 1950, 168 plants totalling 
17-8MW have been erected (B.4—35). Wind 
power stations on the island of Zealand have 
been studied since 1947 (B.4—37), and two 
experimental windmill generators of 12kW 
and 45kW (the latter on Bogé Island), have 
been completed. 

Austrian agricultural electrification is the 
subject of a detailed analysis in (B.4—41), 
while technical problems of rural electrifica- 
tion in that country are discussed in (B.4—43). 
The development of river turbines (propeller 
sets) is described in (B.4—46). Sets of 4kW 
to 8kW have been developed, which can 
operate in a water depth of at least 1-8m, 
with minimum speeds of 1-8m per sec. Com- 
binations of such units are considered suit- 
able for power requirements up to 100kW. 
French developments of small power sets for 
low heads and their economic implications 
are the subjects of paper (B.4—49). The 
problem of rural electrification in India and 
the development programmes 1951-56 and 
1956-61 are described in (B.4—40) and 
(B.4—44). 


POWER FOR THE METALLURGICAL, CHEMICAL 
AND OFHER INDUSTRIES 


Sixteen papers were submitted in this 
section, dealing with a variety of problems. 
A recent development is the introduction in 
Germany of the Zdansky-Lonza Electro- 
lytor for the electrolytic production of 
hydrogen under a pressure of 30 atm. 
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(B.S—3). The gases can be conducted over 
long distances, allowing the erection of a 
fertiliser factory away from the site of the 
hydro-electric power station. Improved 
energy recuperation from blast-furnace gas 
by the use of gas turbines is the subject of 
(B.5S—4). The paper also discusses combina- 
tions of steam and gas turbines for the 
utilisation. of waste heat, e.g., from con- 
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verters. The world production of about 300 
million tons of steel per year absorbs 15 per 
cent of the total coal production and 10 per 
cent of the total energy production. (B.5—9) 
discusses smelting methods, which use coal 
only for reduction and obtain heat from elec- 
trical energy. The first cost of such a plant 
is estimated as about 70 per cent of the 
conventional installations. 


Swedish American Liner 
“ Gripsholm ” 


The liner “* Gripsholm ” 


is now Sailing in the North Atlantic service of the Swedish 
American Line and carries 842 passengers in two classes. 


Propulsion is by two 


sets of diesel engines, developing a total normal service power of 19,800 i.h.p., 
which gives the ship a contract speed of 19 knots. 


N May 14, the latest addition to the fleet of 

the Swedish rican Line, the M.S. 
‘** Gripsholm,”’ sailed from Gothenburg on her 
maiden voyage in the North Atlantic service. 
The liner, which is the second to bear the name 
‘** Gripsholm,”’ (the first was built in 1925 at the 
Walker yard of Sir W. G. Armstrong Whitworth 
and Co., Ltd.), was constructed in the Genoa 
shipyard of the Societe Ansaldo and launched in 
April, 1956. Our illustration shows that the 
ship presents an excellent profile, having fine lines, 
a curved and well-raked stem, two large funnels 
painted yellow and a white hull and super- 
structure. Power to propel the liner is developed 
by two nine-cylinder Gotaverken two-stroke, 
single-acting direct reversible diesel engines. 

The liner has been built to fulfil not only 
Swedish laws and regulations, but also the 
requirements of the International Convention for 
Safety of Life at Sea, while the scantlings adopted 
satisfy three classification societies, namely, 
Lloyd’s Register of Shipping, the American 
Bureau of Shipping and the Registro Italiano 
Navale. In addition, the ship, in respect of 
special hull strengthening, fire prevention and 
fire-fighting arrangements, and various safety 
devices, is equipped in excess of the requirements 
of such authorities as the British Ministry of 
Transport and the United States Coast Guard. 
The ship is of mixed welded and riveted con- 
struction and there are nine decks of which six 
are allocated to passengers. Light alloy has been 
used for the deckhouses above the bridge deck, 
funnels and masts. A two-compartment standard 
of subdivision is attained by twelve transverse 
watertight bulkheads which are served by forty- 


six hydraulically-operated and four electrically- 
operated watertight doors controlled from the 
bridge, and from above the bulkhead deck and 
also manually at the door itself. Fire protection 
arrangements include the dividing of the ship 
into zones by fireproof transverse bulkheads, the 
installation of fireproof doors which can be 
automatically closed from the bridge and a 
sprinkler system. In the holds are carbon 
dioxide and steam extinguishing systems, while 
the machinery spaces are fitted with carbon 
dioxide plants. 


Principal Particulars 





Length overall _... aa axa an 
Length between perpendiculars ai sabes 550ft 24in 
Breadth moulded ... “oi an ok 
eee eee 
Gross tonnage hata ..» 23,500 
Deadweight ... saa. (eee) aon! Get. xen) ann 
Cargo capacity, eget true cane 76,850 cubic feet 
Contract speed ee ee 19 knots 
Passengers : 
SL ocAs. edn. caw. Soom Vaca 
[ea 
Interchangeable ... ... ... ... 80 
842 
ok ane Sale ee 
Machinery : 
Two Gotaverken diesel seen tape nor- 
mal service power . $ 19,800 i.h.p. 
Revolutions per minute 2 112 
Five generators driven by “Ansaldo ‘diesel 
engines ... 700kW 


One emergency "generator, ” driven’ by an 
Ansaldo dieselengine ... ts 


150kW 

The public rooms for both classes of passengers 
are on the verandah deck. The first-class 
lounge, illustrated herewith, is forward; it 
provides an uninterrupted view of the sea to port 









La ee 


First-class lounge forward on the verandah deck 


and starboard and forward, and has a dance 
floor centrally arranged. Glass doors lead aft 
into the foyer, adjoining which is a card room to 
port and a library to starboard, and from which 
doors on the centre-line open on to the forward 
smoking room. On either side of the smoking 
room are furnished verandahs; that to port is 
associated with a small cocktail lounge while 
there is access from the starboard verandah to 
the shopping centre which serves both first and 
tourist-class passengers. 

Further aft, on this deck, is the tourist main 
lounge, which extends for the full width of the 
ship and has seats for 190 passengers and incor- 
porates a small stage and a dance floor. There 
is a small library to port and a little lounge to 
starboard of the foyer which leads aft to the aft 
smoking room, a! around the engine 
casing. Forward, on “A” deck, is a cinema 
having a seating capacity of 220 and available for 
concerts and for divine services. Directly below 
the cinema, on “‘ D ”’ deck, is the swimming pool, 
together with a gymnasium and massage rooms. 
A foyer on “A” deck gives access to the first- 
class dining room, which can seat 165 passengers 
at tables for two, four and eight. The tourist 
dining room is entered from another foyer 
further aft and has a seating capacity of 284 at 
tables for two, four, six, seven and eight ; while 
linking the two dining rooms is an interchange- 
able section, arranged to port, which consists of 
three connecting rooms, able to seat 
eighteen passengers. On the sun deck are open 
and closed promenades and ample open deck 
spaces elsewhere, while an observation space has 
been arranged in the upper part of the forward 
funnel. 

Cabins for the first-class passengers are 
forward and amidships on the upper deck and 
forward on the main deck, while tourist-class 
cabins are placed aft on the upper deck, mid- 
ships and aft on the main deck, aft on “‘A”’ deck 
and on “ B”’ deck. The captain, chief engineer, 
first officer and first engineer are accommodated 
on the bridge deck and the remaining deck and 
engineer officers have their cabins on the sun 
deck. All the crew are accommodated in single 
and double-berth cabins arranged forward on the 
main and “‘ A ”’ decks, forward and aft on “B”’ 
deck and also on “‘C”’ deck. Adequate recrea- 
tion spaces are provided for the crew and also 
separate dining rooms and kitchens. The whole 
of the accommodation is air conditioned, the 
plant having a capacity of 2,000,000 kg-calories 
per hour 


Surp’s SERVICES 


The galley and kitchens are all-electric except 
for essential steam equipment. A small hand- 
operated lift operates between the kitchen and 
the butcher’s shop and there are two food lifts, 
each of 700 kg capacity, extending from the 
provision rooms to the sun deck. Another 
service lift extends from the bridge deck to 
“D” deck ; it has remote control and handles 
linen and also laundry bags, there being a fully- 
equipped laundry on “‘ D”’ deck with a capacity 
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of 1200 kg per day. A _ three-person lift 
links the machinery spaces with the engineer’s 
quarters on the bridge deck, while for the con- 
venience of the passengers there are four lifts. 
Each accommodates eight persons, operates at a 
speed of 120ft per minute, and is equipped with 
automatic inner and outer doors. Two of the 
lifts serve the forward accommodation and 
extend from the swimming pool on “ D”’ deck 
to the sun deck, while the other two lifts are 
aft and link all decks from “B” deck to 
the sun deck. For shipboard communication 
between the service departments there is a 
ninety-line telephone system, while for the 
passengers there is a separate system having 300 
lines. 

The hospital block, consisting of four wards 
and attendant offices, is on “‘B” deck, close 
to the main stairway and within easy reach 
of the passenger lifts and is ventilated by a 
separate air conditioning plant. 

The ship, in common with many modern 
liners, is fitted with Denny-Brown stabilising 
gear, each fin measuring 11ft 6in by 6ft lin 
in breadth and having an area of 70 square 
feet. She is equipped with fourteen alumi- 
nium alloy lifeboats, carried under overhead 
gravity davits and having an overall capacity for 
1450 persons. Ten boats are hand propelled and, 
of these, eight can accommodate 140 persons each 
and two boats forty-four persons each. The 
other four boats, which are built as passenger 
tenders, accommodate sixty persons each and are 
powered by a 90 h.p. diesel motor. 

Cargo is carried in three holds, having a total 
capacity of 82,500 cubic feet bale, including two 
refrigerated spaces of 5650 cubic feet capacity. 
Four 5-ton derricks serve the hatchways and the 
deck machinery, all of which is electric, consists 
of four 5-ton winches, a windlass, four capstans, 
two on the upper deck forward and two on the 
main deck aft, six double and two single lifeboat 
winches and two winches to handle the accom- 
modation ladder. The _ telemotor-controlled 
steering gear is of electric-hydraulic design, having 
four rams and two pumps. The ship is equipped 
with all modern navigational aids and there is a 
five-channel short-wave radio transmitter, also 
one all-frequency and one emergency transmitter. 
For accurately fixing the ship’s position there are 
Loran and Decca Navigator instruments and, in 
addition, there are two sets of radar equipment. 


MAIN AND AUXILIARY MACHINERY 


The ship, which has a contract speed of 19 . 


knots and attained a speed of 21 knots in trial 
condition, is propelled by two sets of Gotaverken 
two-stroke, single-acting, directly reversible diesel 
engines, each having nine cylinders of 760mm 
diameter by 1500mm stroke, and driving a four- 
bladed propeller of about 5m diameter. A 
normal service power of 19,800 ih.p. at 112 
r.p.m. is developed at a mean indicated pressure 
of 6-5 kg per square centimetre, and equipment is 
provided for the machinery to run on heavy fuel 
of 3000 seconds Redwood No. 1 at 100 deg. Fah. 
Electric power for auxiliary and deck machinery, 
ship’s services and lighting is provided by five 
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Generator room looking from port to starboard 


700kW, 440V, 60 c/s, alternators, some of which 
can be seen in our illustration, each driven by a 
six-cylinder, four-stroke, single-acting Ansaldo 
diesel engine of 460mm bore and 660mm stroke, 
developing 1050 h.p. at 257 r.p.m. and arranged 
to burn heavy fuel. The 150kW emergency set is 
placed in the forward funnel and is powered by a 
four-cylinder, four-stroke Ansaldo diesel engine, 
developing 230 h.p. at 450 r.p.m. In the auxiliary 
engine-room are two boilers having automatically 
controlled firing and each capable of producing 
4000 kg of steam per hour at a maximum working 
pressure of 8kg per square centimetre. In 
addition, two exhaust-gas-fired boilers are 
mounted in the engine-room casing and each is 
rated to produce 3000 kg of steam per hour at a 
maximum working pressure of four atmospheres. 
To supplement the supply of fresh water carried 
in the ship’s tanks there are two low-pressure 
Maxim Sundsvall, two-stage evaporators, each 
of which is capable of producing 178 tons of 
fresh water per day from salt water. An aerating 
installation forms part of the plant and cleaning 
of the evaporators is carried out by rapid cooling. 


High-Speed Disc Grinder 

Our illustration shows the model “ UWS” 
disc grinder made by Otto Suhner, G.m.b.H., 
Sackingen (Baden), German Federal Republic. 
The tool is fitted with a universal motor for 
standard voltages and develops 1-3 h.p. The 
motor speed is reduced by a helical bevel gear to 
8500 or 6500 r.p.m., giving peripheral disc speeds 
of 80m or 60m per second. Ease of manipula- 
tion is obtained by virtue of the inclined rear 
grip and the adjustable front handle. Lorant 
and Co., Ltd., 98-100, Croydon Road, London, 
S.E.20. has been appointed sole agent. 
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International Atomic Exposition 
at Philadelphia © 


BY OUR AMERICAN EDITOR 
No. I]1I—(Continued from page 929, June 14) 


The third International Atomic Exposition was held at the Convention Hall in 
Philadelphia, Pennsylvania, from March 10 to 15, in conjunction with the 
second Nuclear Engineering and Science Congress. The exhibition was organised 
under the sponsorship of the American Institute of Chemical Engineers in co-opera- 
tion with four other engineering institutions and was attended by some 10,000 
visitors, It presented a comprehensive picture of the current state of development 
in the application of atomic energy in American industry, and this article reviews 
certain exhibits of particular interest. 


HIGH VOLTAGE ENGINEERING CORPORATION 
ARIOUS new applications of “ super-volt- 
age”’ X-ray techniques for non-destructive 

inspection in the metals industry were shown on 
the stand of the High Voltage Engineering 
Corporation, of Cambridge, Massachusetts. 
Of particular interest were the radiographs illus- 
trating the use of the company’s Van de Graaff 
“* super-voltage ’’ X-ray generators in circum- 
ferential radiography. In “ super-voltage”’ 
radiography the X-rays generate in all directions. 
With the Van de Graaff machine, X-rays in a 
particular sector can be selected by the use of 





Fig. 10—Accelerator assembly ‘of 3MeV Van de Graaff machine capable of 
producing electron, X-ray, positive ion or neutron radiations 


special absorbing diaphragms, providing either 
a conical beam in the forward direction or a 
wider, sideward beam for panoramic radio- 
graphy. With this latter improvement groups of 
castings can be placed in a circle about the X-ray 
tube axis to obtain single set-up, single exposure, 
simultaneous radiography. Another example 


of this technique which was demonstrated at the 
exhibition is the use of the panoramic beam for 
the study of complete girth seams of welded 





pressure vessels, also in one exposure and a single 
set-up. The wide range flexibility of the Van de 
Graaff machine in the inspection of both light 
and heavy materials was also shown. Radio- 
graphs produced by the company’s versatile 
1MeV unit in single-exposure studies of a pre- 
cision jet blade casting with thicknesses varying 
from yin to well over lin, were displayed. The 
Van de Graaff unit is an X-ray machine designed 
to cover the range from fractional thicknesses 
to those beyond Sin in steel. A special mount 
designed for the 1MeV unit, enables the move- 
ment of the machine to any site in the shop with 
a minimum of effort, 
for use at any angle from 
the horizontal to the 
vertical. The company’s 
1MeV and 2MeV Van 
de Graaff machines are 
of d.c. design—that is, 
the beam of the particles 
generated contains less 
low-energy radiation, 
reducing scatter and 
increasing _ penetrating 
power. This character- 
istic enables thin objects 
to be radiographed with- 
out the obliteration of 
detail by excessive low- 
energy radiation. The 
focal spot of only 0-030in 
diameter ensures sharp 
images on X-ray film, 
enabling small discon- 
tinuities to be seen more 
clearly. The size of the 
focal spot substantially 
reduces the distance as 
well as the longer set- 
up times required with 
larger spots. Further- 
more, since, with the Van 
de Graaff machine, the 
X-ray can be placed 
close to the objects 
under study, the size of 
the room housing the 
equipment can be held 
to a minimum, thus 
materially lowering the 
overall costs of the 
installation. 

In Fig. 10 we illustrate 
a particularly powerful 
3MeV Van de Graaff 
accelerator, models of 
which have been sold 
to industrial firms, both 
in the United States and 
abroad. It is designed 
to produce nearly all the 
fundamental radiations 
—electrons, X-rays, positive ions or neutrons. 
The conversion of the machine from the produc- 
tion of one kind of radiation to another is a 
relatively simple step. For exampie, the acceler- 
ator can be shifted from electron processing to 
X-ray production by replacing the beam scanner 
of the machine with a special heavy metal 
target lin in diameter and }in thick. The unit 
is designed for either vertical or horizontal 
mounting, thus increasing its utility in a wide 
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range of processing, radiographic, medical and 
research applications. ‘ 

In the nuclear field, Van de Graaff generators 
have been incorporated into such nuclear research 
devices as the Brookhaven Cosmotron, the 
M.I.T. electron linear accelerator, the Cornell 
electron synchrotron and the proton linear 
accelerator at the University of California. 
Among other potential applications of the Van 





Fig. 11—Nuclear-powered miniature 20 microwatt 
battery developed by Walter Kidde Nuclear Laboratories 


de Graaff accelerator is its use in activation 
analysis programmes. The machine has already 
been utilised extensively in analytical studies 
employing activation by fast and thermal 
neutrons. The use of the accelerator in the 
production of short-lived isotopes has also been 
considered. Frequently the transit time from the 
reactor to the end user is sufficient to deter from 
its value as a radioactive product. With thermal 
neutrons produced by the Van de Graaff acceler- 
ator it is possible to supply radioactive isotopes 
of nearly forty elements with specific activities 
usually greater than 10 microcuries per gramme, 
with half lives greater than sixty minutes, and 
with a neutron flux of 10° neutrons/second/cm’. 
Other proposed uses for the Van de Graaff 
accelerators in physics research include studies 
in nuclear scattering, nuclear capture radiations 
and collision recoil products. 


SYLVANIA-CORNING NUCLEAR CORPORATION 


This firm was recently formed to merge the 
nuclear activities of Sylvania Electric Products, 
Incorporated, and the Corning Glass Works. 
To-day, the new company is probably the largest 
single group in the United States employed 
exclusively in such work. Its resources are 
actively engaged in the production and develop- 
ment of fuel elements and fuel element materials, 
fuel assemblies, reactor components, such as 
control rods, moderators and reflectors, and a 
variety of reactor accessories, including pumps, 
control rod drives and test loops. The firm 
fabricates nuclear fuel elements in a wide variety 
of shapes and configurations, including solid and 
hollow slugs, rods, tubes, flat, curved and 
corrugated plates, wire, wafers with and without 
perforation, wafer assemblies, pellets and spheres, 
and foil. The economic production and repro- 
cessing of nuclear fuel is now one of the most 
critical factors in the ultimate attainment of 
competitive electric power from the atom. The 
comparfy has processes under advanced develop- 
ment for effecting the economical recovery and 
ra of irradiated fuel elements. These 
processes ale intended to be an integral part of 
the compl¢te fuel cycle, which includes fuel 
element anufacture and reprocessing. 
Sylvania-Corning is also actively studying 
methods fot the metallurgical refabrication of 
fuel elements into a new reactor charge in lieu 
of chemical reprocessing, as a means of reducing 
the equivalent nuclear fuel cost. Through the 
use of this knowledge in fuel reprocessing, 
coupled with its broad background in fuel 
element fabrication, the firm plans to provide a 
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complete out-of-pile service to reactor designers, 
builders and operators. 


METALS AND CONTROLS CORPORATION 


An interesting collection of nuclear fuel 
elements and their components was exhibited by 
the Metals and Controls Corporation, Attleboro, 
Massachusetts. This firm has been engaged 
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Fig. 12—Diagrammatic arrangement of nuclear- 
powered miniature battery 


since 1952 in the fabrication of fuel elements and 
fuel element components for the U.S. Atomic 
Energy Commission and its contractors. A 
complete facility for the production of fuel 
elements is now in operation and is available to 
serve authorised concerns. Whether for small 
thin-gauge foils for experimental application or 
for complete fuel assemblies, the company is 
prepared to meet industrial needs. Since 1916 
the Metals and Controls Corporation has 
specialised in the production of bonded metals 
and has pioneered the commercial production 
of new and unusual metals either as bonded 





Fig. 13—Installation of reactor core pressure vessel manufactured by 
Combustion Engineering at the Shippingport power station 


composites or as fabricated pure metals. This 
experience has been applied to fuel element 
manufacture, and is now available to others in 
the expanding American nuclear energy pro- 
gramme. 


Uranium, either enriched or natural, or 


thorium, can be rolled in kilogramme lots to 
gauges as thin as 0-0006in +0-0002in. 


These 
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foils can be used in research experiments such 
as cross-section determinations, or can be 
supplied clad with metals or plastics for zero 
power research reactors or Critical experiments. 
The modern rolling equipment of the company 
consistently produces foils in precise gauges free 
of pinholes. Consumable and tungsten electrode 
arc melting facilities as well as vacuum induction 
melting furnaces have been developed for the 
preparation of alloys of uranium and thorium 
with zirconium, aluminium, or other metals, as 
required. These alloys can be supplied either 
bare or clad with other metals or plastics for the 
complete fuel element or assembly. Fuel 
elements can be made by extrusion processes, 
using either integral end enclosures or coextrusion 
with butt-welded end caps being subsequently 
attached. Extrusion of oxide and metal powder 
combinations for fuel elements also has been 
accomplished. Flat plate elements, either with 
alloy cores or oxide in metal cores have been 
made. Fuel elements or fabricated shapes have 
been supplied by the firm for the thermal test 
reactor and submarine intermediate reactor at 
the Knolls Atomic Power Laboratory, and for 
critical experiments at the Oak Ridge National 
Laboratory, as well as for classified reactors at 
the Savannah River plant, the Hanford plant and 
the Argonne National Laboratory of the U.S. 
Atomic Energy Commission. 


WALTER KIDDE NUCLEAR LABORATORIES 
Much interest was caused by the display at the 


stand of the Walter Kidde Nuclear Laboratories, | 


Garden City, New York, of a miniature nuclear- 
powered battery capable of delivering continuous 
electrical power for at least five years. The 
battery, which is illustrated in Fig. 11, has a 
nominal power output of 20 microwatts and is 
claimed to be the first such device to be com- 
pletely safe for extensive 
personal use without 
special precautions. The 
battery utilises the 
decay energy of a beta- 
emitting isotope as its 
source of energy. 


The operation of the 
battery depends upon a 
two-step conversion of 
energy, from beta 
emissions to light and 
from light to electricity. 
The light source consists 
of a mixture of finely 
divided phosphor and 
an oxide of Promethium 
147, one of the most 
abundant nuclear fission 
products. Beta particles 
emitted by the pro- 
methium are absorbed by the phosphor and 
converted into red and infra-red light. This 
light is captured by two or more photocells and 
transformed into electrical current. Although 
not yet commercially available, the battery will 
eventually be used in such products as hearing 
aids, miniature portable wireless sets and civil 
defence warning receivers for the home. There 
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may also be additional use for the atom cell in 
military high-altitude missile and rocket work and 
in scientific deep space experiments. In contrast 
to conventional batteries, the nuclear source 
operates satisfactorily at extremes of environ- 
mental conditions. At temperatures as low as 

-200 deg. Fah. voltage and power output 
actually increase. At temperatures up to the 
boiling point of water the cell operates with a smali 
decrease in power output. 

The prototype battery uses about 44 curies of 
Promethium 147, a radioactive element with « 
half-life of 2-6 years and maximum beta energy 
of 0:223MeV. This has a weight in the form 
of the oxide, Pm,O;, of only 5 milligrammes. 
With this amount of activity the battery has a 
nominal power output of 20 microwatts when 
new, 10 microwatts after 24 years and 5 micro- 
watts after about five years. Greater powe! 
outputs can be obtained by connecting a number 
of cells in series or by building cells of larger 
area. As shown in Fig. 12, Pm,Os is applied as a 
coating on the phosphor particles and the entire 
light source is sealed in a transparent container 
of radiation-resistant plastic. The photocells 
are silicon cells, specially modified to give maxi- 
mum efficiency at the light levels at which the 
cell operates. The present cell is housed in a 
compact metal protective shielding that leaves 
the complete unit about the size of a coughdrop. 

A basic advantage of the two-step energy 
conversion is that the sensitive photocell is pro- 
tected from the direct beta radiation of the 
isotope. Such radiation had been a problem in 
previous attempts to develop a nuclear source 
of this kind, as it produces crystal defects in the 
semi-conductor material of which the photocell 
is made and causes its efficiency as an electrical 
generator to decline rapidly. in the present 
battery only the phosphor is subjected to beta 





Fig. 14—Contrel console of critical experiment reactor at the Combustion 
Engineering Nuclear Centre, Windsor, Connecticut 


radiation, to which its resistance is relatively 
high. Any beta particles not absorbed by the 
phosphor are absorbed in the plastic case of the 
light source, which is also radiation-resistant. 
Promethium was selected for the power source 
after a study of the various available isotopes 
because it combines a number of favourable 
properties for a battery of this size and power 
level. Primary gamma radiation is absent and 
the relatively low energy of its beta radiation 
allows all of its energy to be absorbed in a layer 
of phosphor having a weight of only 50 milli- 
grammes per square centimetre. 

As received from the Oak Ridge National 
Laboratory, promethium is in an impure con- 
dition and one of the impurities, europium, emits 
gamma radiation. The promethium is highly 
purified not only to eliminate the source of 
gamma radiation, but also because any other 
impurities decrease the efficiency of the light 


urce. 
In its purified form the promethium contains 
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no significant amount of gamma emitters ; 
however, the light source is a source of a minor 
amount of secondary gamma radiation known 
as Bremsstrahlung, which is generated when 
beta particles are absorbed by matter. For 
some uses this radiation requires no shielding 
of the battery. For extended personal use, the 
battery is made entirely safe by sealing it in a 
small case of dense metal, such as “* Hevimet,”’ 
tantalum or “ Mallory” metal. The outside 
dimensions of such a shielded battery are 0-2in 
thick and 0-6in in diameter. 

The cell design also involved the choice of a 
suitable particle size for the phosphor. There 
is some loss of light due to the partial opacity 
of the phosphor, and this increases as the particles 
are made finer. On the other hand, finer phos- 
phors tend to be somewhat more efficient. The 
practical size range was found to lie between 10 
and 50 microns. Approximately 50 milligrammes 
of phosphor are used in the light source, which 
has an active area of 1 square centimetre and a 
diameter of yin. Each face of the light source 
is covered either with one circular photocell or 
two semi-circular photocells. By connecting 
the photocells either in parallel or in series the 
voltage may be varied from about }V to 1V, the 
total power remaining unchanged. It is important 
that the light emitted by the source be in a range 
of wavelengths at which the photocell is most 
efficient. Practical silicon photocells have their 
maximum power efficiency for light in the region 
of from 6900 to 8200 A, and, accordingly, 
phosphors containing cadmium and zinc sul- 
phides were used, since these emit strongly in 
this region. These phosphors give off red and 
infra-red light, and while they are less efficient 
in the visible range than the more widely used 
green phosphors, the silicon cell is efficient in 
capturing their invisible radiation as well as the 
visible light. 

While Promethium 147 is at present available 
only in limited quantities at relatively high cost, 
the U.S. Atomic Energy Commission has 
indicated that the element will be available in 
large quantities at a cost of approximately 50 
cents per curie when a new works now under 
construction goes into production toward the 
end of this year. 


LEEDS AND NORTHRUP COMPANY 


A completely integrated control system for a 
nuclear electric power plant was demonstrated 
by the Leeds and Northrup Company at the 
exposition, The demonstration comprised an 
operating schematic model of a boiling-water 
nuclear power plant, and “ package’’ control 
system that regulates the entire plant auto- 
matically. ‘*‘ Nuclear” activity for the demon- 
stration was supplied electronically by a nuclear 
reactor simulator. This instrument automatically 
duplicates the operating conditions of an actual 
reactor. The model reactor was cut away to 
show the control rod activity and steam formation 
within the reactor vessel. The “steam” then 
passed to a model steam turbine to illustrate the 
generation of electric power for ultimate dis- 
tribution to the consumer through transmission 
lines. 

The sections of the control system which 
regulate the electric power generation and trans- 
mission are similar to the firm’s instrumentation 
presently in use for this application. However, 
with a nuclear reactor to produce steam, rather 
than a conventional coal or oil-fired boiler, the 
overall control system also includes the reactor 
control instrumentation. This part of the equip- 
ment is similar to the control systems that the 
company has been supplying for various nuclear 
reactors in America and abroad. At the exhibi- 
tion, operators started the demonstration by 
“lighting off’? the model plant, then bringing 
the reactor up to full power, putting the generator 
on the line with automatic control, and finally 
dropping the load to shut down the plant. All 
instruments received and reacted to the same 
kind of signals they would encounter in control 
of an actual nuclear power system, and ran 
the model plant as an integrated automatic 
“* package.”’ 


COMBUSTION ENGINEERING, INCORPORATED 


The growing activities of Combustion 
Engineering, Incorporated, New York, in the 
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nuclear reactor field since 1946, are representative 
of the current trend among American manufac- 
turers of steam generating equipment to play an 
important part in the generation of power by 
atomic means. The firm’s exhibit included a 
model of the 6(0MW Westinghouse nuclear power 
plant to be situated at Shippingport, Pennsy]- 
vania, and to be operated by the Duquesne Light 
Company. A pressurised water reactor system 
will be used to produce saturated steam at 
600 lb per square inch gauge pressure. The 
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struction of a complete prototype installation. 
The prototype submarine will be situated at the 
Nuclear Engineering and Development Centre 
of the company at Windsor, Connecticut, and 
will duplicate in all respects the nuclear powet 
plant to be installed in the submarine. 

The exhibit emphasised the recent progress 
in the construction of the firm’s Nuclear 
Engineering and Development Centre, situated 
on a 530-acre site at Windsor, Connecticut. 
This facility has been designed to incorporate 





Fig. 15—Part of the machine shop in the fuel element fabrication building at Windsor 


reactor core will be contained in a_ vessel 
developed, designed and manufactured by 
Combustion Engineering. The illustration repro- 
duced in Fig. 13 shows the installation of the 
reactor core assembly at Shippingport recently 
and indicates to some degree the size of this 
vessel. It was made of stainless-clad carbon 
steel measuring about 84in thickness. The vessel 
itself is approximately 9ft inside diameter, has 
an overall height of about 32ft and weighs in 
excess of 200 tons. It is designed for 2500 lb 
per square inch gauge pressure and is one of the 
largest diameter vessels ever built for such a 
pressure. 

The firm’s activities in the nuclear field began 
in 1946, when studies were undertaken to deter- 
mine the feasibility of power generation from 
nuclear fields. Since then the company has 
served as consultants and designers for the 
Atomic Energy Commission, the U.S. Navy 
Department and utility companies on reactor 
system components. It has designed and manu- 
factured the reactor vessel, shield tanks and 
rotating plug for the prototype of the submarine 
U.S.S. ‘“‘Seawolf’ and for the ‘“ Seawolf” 
itself ; liquid metal heaters for the U.S. Navy 
Bureau of Ships and the U.S. Air Force ; and 
the reactor vessel, end closure and internals for 
the Shippingport station of the Duquesne Light 
Company. Work now in progress includes 
the fabrication and assembly of two complete 
reactor cores for the U.S. Navy’s nuclear sub- 
marine programme ; the reactor vessel, internals 
and rotating plug for the Power Reactor 
Development Company’s fast breeder reactor ; 
the reactor vessels and steam generators for the 
submarine advanced reactor as well as reactor 
vessels, internals and closures for a U.S. Navy 
aircraft carrier and a new class of surface ship 
called a frigate. 

Most significant of the company’s present 
projects is a 1955 contract to design and develop 
a nuclear reactor for a new type of submarine. 
This made Combustion Engineering the third 
major A.E.C. contractor to enter the Naval 
Reactor Development Programme and the first 
to undertake a naval reactor project, using its 
own facilities. In August, 1956, the Atomic 
Energy Commission announced that it had 
authorised the firm to proceed with the manufac- 
ture, assembly and test of the submarine reactor 
system covered by the earlier A.E.C. contract 
and to serve as prime contractor for the con- 





the equipment and services required for all phases 
of reactor work except the fabrication of heavy 
components. Its facilities range from those 
required for conceptual design to those used for 
testing completed reactors. This equipment 
includes two operating reactors, sometimes 
referred to as critical experiment facilities ; a 
fuel element fabrication plant ; metallurgical, 
chemical, research and development laboratories, 
and an engineering and administration building 
designed to accommodate several hundred 
scientists and engineers. Fig. 14 shows the 
control console for one of the two reactors at 
Windsor. Security regulations preclude picturing 
and describing the reactor itself since its work is 
classified. A section of the machine shop in the 
fuel element fabrication building is illustrated in 
Fig. 15. The welding dry boxes, partially shown 
at left, are used for welding fuel element sub- 
assemblies in an inert atmosphere. 


( To be continued ) 


Sodium Reactor Experiment Begins 
Operation 


On April 25, last, self-sustaining nuclear 
fission was achieved in the Sodium Reactor 
Experiment, a small-scale experimental civilian 
atomic power project being developed for the 
U.S. Atomic Energy Commission near Los 
Angeles, California, by Atomics International, a 
division of North American Aviation, Incor- 
porated. The Sodium Reactor Experiment 
(SRE) is the first sodium-cooled ‘“ thermal ” 
reactor to produce a sustained nuclear chain 
reaction. The SRE uses neutrons moderated 
with graphite to sustain the fission process, 
and liquid sodium is circulated through the 
reactor core to remove heat produced by the 
atdmic fission. During the initial start-up test, 
the reactor operated at a power level of about 
1kW of heat. No electricity was generated. 
The design capacity of the SRE is 20MW of 
heat. In the near future, numerous experimental 
tests will be made to determine the nuclear 
characteristics of the reactor and to establish 
the satisfactory operation of all reactor com- 
ponents. After these tests, the power level of 
the reactor will be increased gradually. Heat will 
be purchased by the Southern California Edison 
Company to generate about 6500kW of electri- 
city on an experimental basis. 





Appointments 


Mr. JOHN MONTGOMERY has been appointed a 
director of Shaw-Petrie, Ltd. 


Mr. H. B. TopHaM has been appointed a director 
of the Anglo Great Lakes Corporation, Ltd. 


Mr. FREDERICK Cooper, A.M.I.Mech.E., has been 
appointed chief draughtsman of F. Perkins, Ltd. 


Mr. S. Stuart McKay has been appointed a 
director of Ruston and Hornsby (Australia) Pty., Ltd. 


Mr. RoBERT MCWHIRTER has been appointed sales 
manager of the engineering division of Dobbie 
McInnes, Ltd. 

HicH Duty ALLoys, Ltd., has announced the 
appointment of Mr. W. H. Bowman, M.I.Mech.E., to 
the board of directors. 

Mr. WALLACE FAIRWEATHER has been appointed 
general sales manager of Clyde Tube Forgings, Ltd., 
and Shaw-Petrie, Ltd. 

KELVIN AND HuGHes (AVIATION), Ltd., has 
announced the appointment of Group Captain John 
Alexander Kent as sales manager. 

Tue Society OF ENGINEERS has announced that 
Sir Harold Smith, M.I.C.E., and Sir Graham Sutton 
have accepted honorary fellowship of the Society. 

EpGAR ALLEN AND Co., Ltd., has announced the 
appointment of Mr. J, T. Wells, A.M.I.Mech.E., as 
senior representative in South and West Yorkshire, 
and North Lincolnshire. 

A. C. Cossor, Ltd., has announced that Mr. C. E. 
Cunliffe, manager of the publicity and technical 
publications department, has been elected chairman 
of the executive council for a further period of three 
years. 

THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH has announced that Sir Harold Roxbee 
Cox, M.I.Mech.E., and Dr. C. J. Smithells, have been 
appointed members of the Council for Scientific and 
Industrial Research. 

THe Brus Group, Ltd., states that Sir Frank 
Spriggs, Hon. F.R.Ae.S., Sir Roy Dobson, Hon. 
F.R.Ae.S., John F. Robertson, and Sir Arnold Hall, 
F.R.S., F.R.Ae.S., have been appointed directors, 
and that Sir Ronald W. Matthews, Rt. Hon. Lord 
Cunliffe, Captain R. C. Petter, M.I-Mech.E., Major 
Noel E. Webster and Mr. Miles Beevor, have resigned 
from the board of directors. 

Tue British ALUMINIUM Company, Ltd., has 
announced the following appointments :—Mr. S. M. 
Lawrence has been appointed export sales manager 
in succession to Mr. P. J. Ferguson; Mr. P. L. 
Martyn has taken over responsibility for unwrought 
and special products sales section. Mr. R. J. Walsh 
has been appointed manager of the Manchester 
branch sales office with effect from July 17, in 
succession to Mr. J. R. Whitelegg, who is to retire. 


Business Announcements 


STEWAR1-WARNER, Ltd., has opened new offices and 
works at Elizabeth Way, Western Industrial Estate, 
Harlow, Essex. 

HONEYWELL-BRowNn, Lid., states that it has moved 
its Manchester branch office to Warsall Road, 
Northenden, Manchester, 22. 

CHAMBERLAIN INDusTRIZS, Ltd., London, E.10, 
states that Mr. C. J. Fletcher, a director, is visiting 
the works of Jenbacher Werke, Jenbach, Austria. 


CLARKSON (ENGINEERS), Ltd., states that it has 
opened a new branch office and stockroom at Room 
8a, Britannia House, Leeds, 1 (telephone, Leeds 
26369). 

ERSKINE, HEAP AND Co., Ltd., states that, 
following the retirement of Mr. L. A. Snow, 
A.M.LE.E., it has appointed T. E. Lewis, Ltd., 52a, 
The Exchange, Docks, Cardiff, as its agent for the 
South Wales area. 

DurRHAM RAw MATERIALS, Ltd., 1-4, Great Tower 
Street, London, E.C.3, states that it has been 
appointed sole selling agent in this country for the 
products of Goodrich-Gulf Chemicals Inc., by 
arrangement between the producer and the existing 
agent, British Geon, Ltd. 

RANSOME AND MARLES BEARING ComMPANY, Ltd., 
states that as from July 1 its area manager in Scotland 
will be Mr. F. W. Austin, assisted by Mr. E. H. Ward. 
Mr. J. T. More is retiring, having represented the 
company in Scotland for thirty-five years. Mr. 
Austin and Mr. Ward will be based at new offices at 
380, Argyle Street, Glasgow. 
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Personal and Business 


THE PLessEy CoMPANY, Ltd., states that production 
of its standard communications equipment has been 
moved from the Ilford, Essex, factory to West End 
Mills, Ramsey Road, St. Ives, Huntingdonshire 
(telephone, St. Ives 2095). 


Contracts 


THE NATIONAL COAL BOARD OPENCAST EXECUTIVE 
has placed a contract with R. A. Davies (Midlands), 
Ltd., Birmingham, for the recovery of about 368,000 
tons of coal from the Slackey Lane West Site, ana 
the reconstruction of the Essington disposal point. 
The work at Slackey Lane will involve the handling 
of 4,500,000 cubic yards of excavation working to a 
depth of 160ft. 


VICKERS-ARMSTRONGS (ENGINEERS), Ltd., announces 
that an order has been received from the Service 
Technique Militaire of the Federal Swiss Govern- 
ment for the supply of 100 “ Centurion” tanks and 
ten Armoured Recovery Vehicles. Recently Switzer- 
land has increased her re-armament effort ; it was 
in 1955 that Vickers-Armstrongs last received an order 
for 100 Centurion tanks from the Federal Swiss 
Government. 


THE British THOMSON-HousTON Co., Ltd., Rugby, 
has received a contract valued at £600,000 for eighteen 
400 h.p. diesel-electric locomotives for the New 
Zealand Government Railways. The locomotives 
will be used for major shunting duties and light main 
line service in the North Island. Two 200 h.p., six- 
cylinder Rolls-Royce diesel engines are to be installed 
in each locomotive. The mechanical parts for the 
locomotives will be supplied by the Clayton Equip- 
ment Company, Derby. 


Bruce PEEBLES AND Co., Ltd., Edinburgh, has 
obtained a £250,000 order for three 9OMVA trans- 
formers for the Magill substation of the Electricity 
Trust of South Australia. The transformers are 
for connection to the Adelaide end of the new 
275kV transmission lines from Port Augusta power 
station and will feed into the Trust’s 66kV and 11kV 
metropolitan systems. The transformers will be the 
largest three-phase units so far to be installed in 
Australia. The specified impulse level is 1050kV and 
the transformers willl be tested accordingly on the 
Bruce Peebles Company’s new 2400kV impulse 
generator. 


Miscellanea 


PADIHAM “ B” POWER STATION.—The Minister of 
Fuel and Power has consented to the extension of 
the Central Electricity Authority’s Padiham power 
station, Burnley, by the installation of two 120MW 
turbo-generators and two 120MW reheat boilers to 
constitute Padiham “ B ” power station. The existing 
Padiham station has an installed capacity of 31,375kW. 


INSTITUTE OF MATERIALS HANDLING.—A handbook 
setting out its rules, constitution and objects has 
just been published by the Institute of Materials 
Handling, 20, Tooks Court, London, E.C.4, for 
distribution to prospective members. The institute, 
which was formed in 1953, already has over 1000 
members and has six divisions located in the main 
industrial centres of the country. 


Motor VEHICLE REGULATIONS.—Following the 
recent raising of the speed limit for heavy goods 
vehicles from 20 to 30 m.p.h., regulations to come into 
force on June 23 have been made under which “ 20” 
discs are abolished and vehicles need no longer have 
the speed limit painted on the near side. Restrictions 
on the fitting of “ inboard’ brakes (with no gearing 
between brake and wheel) in the case of passenger 
cars under 2 tons are modified. 


MAGNETIC VEE BLOCK.—The range of “ Micro- 
test’’ steel vee blocks marketed by William Urquhart, 
Plough Lane, London, S.W.17, has been extended by 
the introduction of a block incorporating a permanent 
magnet. A switch built into the vee block energises 
the magnet to hold the work in the vee and at the 
same time secure the block on a work table. The new 
blocks are made in one size at present—3in high by 
3in long by 2gin wide. They are precision ground all 
over so that all faces except one at the end on which 
the switch is mounted, can be used for location 
purposes. 

OIL AND HEAT RESISTING LEATHER.—The form of 
leather known as “‘ Gatan ” which was introduced a 
short while ago by George Angus, Ltd., Angus House, 
Newcastle upon Tyne, in addition to being highly 
resistant to oil and extremes of temperature is also 
resistant to many organic liquids, solvents and other 
chemicals. Tests and experience under working con- 
ditions are stated to have shown that this leather 
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remains soft and supple with only slight shrinkage in 
oils or air at a temperature of 150 deg. Cent.; and 
withstands boiling in water for some 25C hours with- 
out disintegration and with only slight shrinkage. In 
freezing tests the properties of the leather were but 
little affected at temperatures down to — 30 deg. Cent. 
The leather is being produced in various forms fo; 
use as belting, hydraulic cups and other moulded 
forms, bellows, seals, &c., and its applications can be 
extended by the use of a range of impregnants which 
have to be specially developed. 


RAILWAY TRAVEL EXHIBITION.—A modern railway 
travel exhibition, in which will be shown latest ex- 
amples of British Railways passenger coaches and 
diesel locomotives now being constructed under the 
Railway Modernisation Plan, is to be opened by 
Mr. Harold Watkinson, the Minister of Transpori 
and Civil Aviation, at Battersea Wharf Goods Depot 
on Friday, June 28. The exhibition will include a 
waiting room and inquiry office with the latest design 
of furniture and equipment, and a ticket office with 
automatic ticket-issuing ines. The exhibition 
will be open free to the public on Friday, June 28 
(4 p.m. to 9 p.m.) ; Saturday, June 29 (10 a.m. to 
9 p.m.) ; and Sunday, June 30 (2 p.m. to 9 p.m.). 


SCALE REMOVAL COMPOUND.—The Walterisation 
Company, Ltd., Purley Way, Croydon, Surrey, has 
introduced a new product, called “ Waltergel.” 
This is a thixiotropic jelly incorporating an acid that 
the firm has developed for the removal of heavy scale 
from hot rolled steel plates, girders, and similar 
applications. Before use the jelly is partially liquefied 
by stirring and it can then be applied liberally to the 
surface to be descaled. After some twenty to thirty 
minutes the “ Waltergel ’’ and the scale are removed 
by pressure washing. When the surface dries a thin 
film of rust is formed and it can then be treated by the 
application of the firm’s ‘* Foscote R.S.” in the nor- 
mal way to provide a paint-bonding and protective 
phosphate coating for subsequent painting. 


INSTITUTION OF STRUCTURAL ENGINEERS GOLD 
MEDAL AWARD.—The Institution of Structural 
Engineers is this year awarding its gold medal to 
Monsieur Eugéne Freyssinet, the eminent French 
engineer, and inventor of prestressed concrete. It 
was to the Institution of Structural Engineers that the 
first paper on prestressed concrete to be heard in this 
country was given by Monsieur Freyssinet, in 1936. Its 
title was “ A revolution in the technique of the utilisa- 
tion of concrete,” and the occasion was a joint meet- 
ing with the British Section of the Société des Ingénieurs 
Civils de France. The material which Monsieur 
Freyssinet then described as “‘ an entirely new material 
possessing properties very different from those of 
ordinary reinforced concrete” is used as a matter 
of course to-day on every kind of structure. 


New Factory OF SHARPLES: CENTRIFUGES, LTD. — 
A new works and head office has been opened by 
Sharples Centrifuges, Ltd., at Dorman Road, Cam- 
berley, Surrey. The main production bay of the new 
establishment is some 200ft long by 50ft wide, and is 
divided into sections for machining, welding, sheet 
metal working and assembly of part of the range of 
the centrifuges and dehydrators supplied by the firm. 
An enclosed speed test house is built into one corner 
of the shop, and a pilot plant shop at the opposite 
end adjoins a tower in which are situated elevated 
tanks for feeding materials to plant under develop- 
ment for special applications. The production, 
planning, technical and sales divisions of the company 
are now centred at Camberley, where provision has 
been made for future extensions as the need arises 
for more works or office accommodation. 


BRITISH EQUIPMENT FOR CANADA.—The B.S.I., 
C.S.A. Agency, which is operated by the British 
Standards Institution on behalf of the Canadian 
Standards Association, has published a second 
supplement to the 1956 edition of its directory 
(PD 1870) of British firms whose products are 
“* approved-in-advance ” for export to Canada. The 
new supplement contains sixty entries listing com- 
panies whose products have been newly approved as 
satisfying Canadian safety and other requirements, 
those firms which have received extended or modified 
approval, and those whose approval has been can- 
celled. Products concerned include the whole field of 
electrical appliances and equipment. The supplement 
is being sent to all companies who hold C.S.A. 
approval, to companies who use approved equipment 
as part of their own products, and to trade organisa- 
tions. In Canada the list will be circulated by the 
C.S.A. Testing Laboratories to all the Provincial 
Chief Electrical Inspectors. Supplies are also being 
sent to all United Kingdom Trade Commissioners in 
Canada. Copies are available, free of charge, from 
the British Standards Institution, 2, Park Street, 
London, W.1. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicaivis are printed in italics. When an 
abridgment is not illustrated the specification is without drawings. 
The date first given is the date of application ; the second date, 
at the end of the abridgment, is the date of publication of the 
complete specification. Copies of specifications may be obtained 
at the Patent Office Sales Branch, 15, Southampton Buildings, 
Chancery Lane, W.C.2, 3s. 6d. each. 


VALVES 


776,272. January 27, 1954.—Stop VALves, The 
Hymatic Engineering Company, Ltd., Glover 
Street, Redditch, Worcestershire. (Jnventor : 
Donald Stanley Pettinger.) 

The invention relates to ball stop valves for high 
pressure fluids. Referring to the drawing, the 
operative member of the stop valve is in the form of a 
piston A which has a hole B extending from its 
peripheral face at an angle of 40-50 deg. to the axis 
to accommodate the ball C which constitutes the 
valve. The ball is loaded by a spring plunger D 
in the piston, the plunger causing the ball when in 
the valve closed position to bear against a resilient 
seat E, There is a passageway G through the piston 
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which when in operative position establishes commu- 
nication between the inlet and outlet branches H 
and J respectively. The end closure K for the valve 
casing F has a relatively narrow ramp-like part L 
projecting from it, which when the piston is moved 
to the valve open position enters a slot in the piston 
and pushes the ball into the hole B clear of the valve 
seat E in the casing, after which further movement of 
the piston brings its through-passage G into line with 
the inlet and outlet branches. It will be appreciated 
that the valve C rises vertically from its seat due to 
the movement of the inclined wall of the angular hole 
B pushing it against the vertical face of the ramp L. 
After the ball has gone up the hole for a certain 
distance, it can ride or roll along the top surface of 
the ramp. Several valves side by side or vertically 
in line may be arranged for simultaneous operation. 
—June 5, 1957. 


ELECTRICAL ENGINEERING 


776,198. February 4, 1955.—ELectric Accumu- 
LATORS, The Chloride Electrical Storage Com- 
pany, Ltd., 50, Grosvenor Gardens, London, 
S.W.1. (Inventor : Robin Gray.) 

The object of the invention is to provide an accumu- 
lator in which the rate of rise of battery temperature 
resulting from undesirably high charging voltages, 
has substantially less effect than with known types 
of battery of similar capacity. Referring to the 
drawing, the cell is divided into upper and lower 
compartments A and B, respectively, the lower or 
plate compartment containing the plate elements C 
and the upper or head compartment having pro- 
jecting into it a gas venting connection D from the 
plate compartment with a restricted orifice through 
which venting occurs. Ducts E extend from the lower 
part of the plate compartment to the lower part of 
the head compartment. The plates, when approach- 
ing a charged condition, give off gas at a rate pro- 
portional to the charging current. This gas will 
accumulate in the upper part of the plate compart- 








ment and when the rate is small it will pass thence 
through the restricted venting connection into the 
head compartment and from there out through the 
cell vent. When, however, the rate of generation of 
gas exceeds the rate at which the gas can pass through 
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the venting connection, pressure will increase in the 
plate compartment and expel electrolyte through the 
ducts between the lower parts of the two compart- 
ments. The transfer of the electrolyte to the head 
compartment will continue until the rate of gas 
generation is balanced by the rate of gas flow through 
the venting connection or until the electrolyte level 
in the plate compartment has fallen to about the 
level of the outlets of the ducts from the lower part 
of this compartment, when gas will escape through 
these ducts without further increase of pressure in 
the plate compartment. Gas escaping thus to the 
head compartment issues to atmosphere through the 
cell vent. Electrolyte expelled to the head com- 
partment will return to the plate compartment when 
charging stops, or when the charging rate falls to a 
sufficiently low value. It will be understood that if 
the restricted venting connection between the upper 
parts of the two compartments were not provided, 
electrolyte expelled to the head compartment would 
not necessarily return to the plate compartment, or 
would do so very slowly, since it would be held up 
Fa trapped in the plate compartment..—June 5, 


TOOLS AND WORKSHOP APPLIANCES 


775,613. March 25, 1955.—Screw-HOLpING Devices, 
Barend Ten Bruggen Cate, “ Shangri-La,” 
Black Robin Lane, Kingston, Near Canterbury, 
Kent, and Dennis James Holt, of Overland 
House, Dover Road, Barham, Kent. 

The invention relates to a fitting for attachment to 

a screwdriver for holding a screw in engagement with 


- the screwdriver when starting to drive it. Referring to 


the drawing, the device comprises two plates A and B, 
each of which is bent to provide at the end a pair of 
grips C and D and E and F, respectively. At the 
left-hand end of the lower arm B there is provided a 
pair of lugs G on one edge and a similar pair of lugs 
H on the other edge. These lugs are bent upward 
with a them. The upper arm 4A is fur- 
nished with lugs J on each edge, which are bent 
outwards to fill the gaps between the other lugs. 
This arrangement permits a separating movement 
between the two arms and a slight tilting relative to 
each other about the lugs J as a pivot. The arms are 
further shaped to open out towards the right-hand 
end and these diverging arms are encircled by a 
coiled spring K which is housed in a spiral groove L 
and acts as a nut. The arm A may also be provided 
with extra lugs M which are bent upwards so as to 
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lie against the inner faces of the lugs G and H and 
provide additional guiding surfaces, controlling the 
movement of the two arms. In using the device, the 
spring K is pulled back to the left, allowing the arms 
to separate and, as shown in the lower view, the screw- 
driver is inserted from the left hand. The screw it is 
required to drive is inserted between the grips C and 
D, with the head seated against the sloping part of 
the two arms, as shown in the drawing. The blade 
of the screwdriver is then engaged with the slot in 
the head of the screw and the spring is pushed forward, 
clamping the screw, and, at the other end, the shank 
of the screwdriver. This assembly allows the screw 
to be initially driven well into the wood without it 
being necessary to hold it in place by hand. The 
use of the spiral spring for effecting the grip on the 
screw and the screwdriver ensures a wide range of 
adaptability for various sizes of screwdriver and 
screws.—May 29, 1957. 


HEATING FURNACES 


775,798. May 12, 1955.—FURNACES FOR HEATING 
APPARATUS, The Societe Anonyme “ Segor,” 
23, rue de la Pépiniére, Paris, France. 

The invention relates to heating furnaces using 
solid fuel with gravity feed, and provides a self- 

cleaning system. As shown in the drawing, there is a 
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horizontal bed-plate A and a furnace wall B. The 
water jacket C is inclined downward and rearwards 
and a box D is supplied with air under pressure. 
Chamber E contains the water to be heated. The 
main combustion air passes from the box D under the 
bed-plate through the holes F and secondary air is 
introduced through the top hole G. The bed-plate 
1s given a reciprocating movement on fixed supports 
H, on which the lateral sides of the bed-plate rest. 
Abutments J and K limit the amplitude of the move- 























ment, Control is given by at least one oscillating 
lever L moving on a shaft M between two rollers N 
carried on one of the carriages O ; this shaft may be 
motor operated. In operation the shaft and lever 
moves the bed-plate forwards from the position 
shown by the solid lines to that shown by the dotted 
lines on the drawing and carries the mass of fuel 
with it, fresh fuel being added at the rear end. On 
the return movement this fresh fuel prevents the mass 
of fuel present on the plate from moving together 
with the plate and the stopping of the fuel is facilitated 
by the adhesion of the mass to the side walls of the 
furnace. Cinders and ashes are then pushed out 
from the front end of the bed-plate and drop into the 
ash pot S. Air-tightness is maintained between the 
air box D and the furnace by means of the cos 
operating members R and 7.—May 29, 1957. 


ROAD TRANSPORT 


775,604. February 10, 1955.—REsILIENT MOUNTINGS, 
Vauxhall Motors, Ltd., Luton, Bedfordshire, 
(Inventor : John Harold Alden.) 

In the rear cab mounting of a commercial vehicle, 
as shown in the drawing, the centre of a chassis frame 
cross member A is secured to a cab support B across 
the walls of which a cylindrical pin C is mounted. 
This pin is secured to one wall D of the channel 
section bracket B by a nut E and spring washer, 
and at the other end to a circular plate which is 
separate from the adjacent wall G of the bracket. 
To the transverse member H forming part of the cab 
floor structure is welded a cylindrical bush J, the 
bore of which comprises two flared conical parts. 
Between the conical surfaces, and the pin is a large 
clearance into which is forced from either end a 
resilient sleeve K. The sleeve is shown in the lower 
views. The sleeve comprises a metal ring having a 
ring of rubber or like resilient material L on its 
external surface. The conical rubber annulus fits 
within one of the conical portions on the bushing J. 
At the larger end of the rubber annulus there is an 
external flange N which limits the extent to which the 
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sleeve K will penetrate into the bushing J. In assemb- 
ling the mounting the pin C is passed through the 
bushing J and one of the resilient sleeves K is placed 
over each end and thrust into the bushing so that the 
conical surfaces mate. Metal spacing members O 
and P are then placed over the ends of the pin and 
bear against the adjacent end of the resilient material. 
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The bearing surfaces of the members are concave, as 
shown. When the nuts E are tightened the plates 
D and F are drawn together so that the spacing mem- 
oers compress the resilient sleeves K and the rubber 
adheres to the inner surface of the pin. By this 
construction the fore and aft movement of the cab 
which involves axial relative movement between the 
pin and the bushing is resiliently checked. In order 
to check any excessive fore and aft movement of the 
cab the forward spacing member O is provided with 
an angular flange R so that any excessive forward 
movement of the bushing J brings it into contact 
with this flange—May 29, 1957. 


TUBE AND PIPE COUPLINGS 


776,168. July 26, 1954.—MEANS FOR COUPLING 
Pipes, Niels Matheson, Jackdaws, Burghfield 
Common, near Reading, Berkshire. 

The invention relates to means for coupling 
rotary pipes such as are used in well-boring, although 
it is capable of much wider application. As shown 
in the drawing, each of two pipe lengths A and B is 
furnished with a thickened portion or shoulder C 
and D on the outside of each end. The shoulders are 
fitted with dowel pins E or other interengaging means 
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such as serrations, such that when the pipe ends are 
drawn together the torque from one to the other may 
be transmitted. The shoulders are held in close 
contact by an external clamp formed of two parts 
F and G, bolted together by bolts and nuts. Leaks 
may be obviated if desired by providing a shallow 
groove round the jomting face of the two pipes in 
which a ring of packing material may be inserted 
before the clamp is fitted.—June 5, 1957. 


METALLURGY 


776,260. February 1, 1955.—PROCESS FOR THE 
REDUCTION OF [RON OrE, Norsk Hydro-Elektrisk 
Kvaelstofaktieselskab, 7, Solligaten, Oslo, Nor- 
way. 

The invention relates to a process for the 
reduction of iron ore by means of gas consisting of 
hydrogen and carbon monoxide as reducing agent in 
a vertical shaft furnace with upward flow of gas and 
with electric resistance heating. The drawing shows 
a shaft furnace of cylindrical cross section. The 
furnace consists of a gas-proof iron mantle lined on 
the inside with fire-proof brick and with a layer of 
insulating brick next to the iron mantle. A is the 
preheating or pre-reducing zone of the furnace, 
bounded below by the upper electrode B. In this 








No. 776,260 


zone the iron ore is preheated and partially reduced 
by the upward flowing hot gas. In the main reduction 
zone C, between the upper and the lower electrodes, 
the ore is reduced completely to sponge iron at a 
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temperature between 800 deg. and 1000 deg. Cent. 
Zone D, situated below the lower electrode, is the 
cooling zone, where the iron is cooled to ordinary 
temperature by the incoming cold recirculated gas. 
The electrodes may be of any shape known and may 
have the form of open grids through which the iron 
ore can pass and may be cooled, internally, by water, 
oil or gas. E is a gascooler, where the water formed 
is condensed, and F is a compressor for compressing 
the recirculated gas in the reaction to 20-25 atm. 
G is a pressure washer for washing away the carbonic 
acid content of the gas with water. H is a reducing 
valve. J is an annular channel for the introduction of 
hot fresh gas into the furnace and, at K, the iron ore 
is introduced together with the returned sponge iron. 
L is the outlet for the recirculated gas and M the 
outlet for the reduced sponge iron.—June 5, 1957. 





Technical Reports 


Combustion and Heat Transfer in an Openhearth 
Furnace. S. Pearson, M. W. Thring, J. H. 
Chesters and others. Special Report No. 59 of the 
Iron and Steel Institute, 4, Grosvenor Gardens, 
London, S.W.1. Price 37s. 6d.—The large-scale trial 
described was to check a mathematical theory of heat 
transfer in the open-hearth furnace. Reasonable 
agreement between calculated and observed results 
indicates the essential soundness of the theory in 
predicting the influence of flame characteristics on 
heat transfer, and thus on furnace working rates, and 
encourages its use to select the more promising ways 
of improving furnace performance. 


Arc-Welding Costs. Edited by A. G. Thompson, 
B.Sc. The British Welding Research Association, 
29, Park Crescent, London, W.1. Price 5s.—This 
booklet describes the methods available for measuring 
and estimating arc-welding costs and enables the best 
way to be selected for making estimates. Four 
methods of obtaining arc-welding costs are described 
and compared, together with theoretical calculations, 
laboratory tests, element time study and statistical 
sampling and analysis. The first three methods are 
well known but have limitations for arc welding, 
while the fourth is a new approach which has been 
developed for special problems set by small quantity 
and highly variable production. 


Untersuchungen uber die Dreidimensionale Poten- 
tialstr6mung durch axiale Schaufelgitter. By T. 
Ginsburg. Mitteilungen aus dem Institut fiir Aero- 
dynamik an der Eidgendssischen Technischen Hoch- 
schule in Ziirich, No. 22. Ziirich : Verlag Leemann, 
64 Stockerstrasse, Ziirich. Price Fr. 15.55.—In the 
theoretical treatment of axial flow through bladed 
discs between a cylindrical hub and outer casing, it ‘s 
almost always assumed that the flow takes place on 
co-axial cylinders, so that when the cylinders are 
developed it corresponds to a two-dimensional flow 
through a grid. This may be nearly correct for discs 
with a large number of blades or with a ratio of the 
radii of casing and hub which is almost equal to 
unity. For turbines or pumps with few blades or a 
small casing/hub ratio, divergencies from the three- 
dimensional potential flow must be expected. In 
the present paper are shown the influence functions 
of five cylindrical sections, for the case of a non- 
dimensional velocity field of a radial vortex between 
two co-axial cylinders, with hub ratio=0-308. A 
method of calculation is developed which makes it 
possible to find the additional three-dimensional 
effects from a knowledge of the influence functions, 
in all cases where the method of singularities has been 





Launches and Trial Trips 


Comoe, fruiter carrier; built by the Ateliers et 
Chantiers de Provence for Fraissinet et Cyprien 
Fabre ; length between perpendiculars 354ft 54in, 
breadth moulded Sift 2in, depth to upper deck 
36ft lin, speed 16 knots : one six-cylinder Provence- 
Doxford diesel engine.—Trial, March. 


AuGusTIN Le BorGneg, cargo ship ;_ built by the 
Chantiers Dubigeon for the Compagnie Charles Le 
Borgne ; length overall 284ft Sin, length between 
perpendiculars 257ft 7in, breadth moulded 38ft, 
depth to shelter deck 23ft Sin, deadweight 1550 tons ; 
two S.E.M.T.-Pielstick diesel engines, driving single 
—, through a Messian reduction gear.—Trial, 

arch. 


CASAMANCE, cargo ship; built by the Chantiers 
Navals de La Pallice for the Nederlands Franse 
Scheep ; length between perpendiculars 265ft 9in, 
breadth moulded 41ft, depth to upper deck 23ft 4in, 
deadweight 3100 tons (closed shelter) or 2000 tons 
(open shelter), hold capacity 150,000 cubic feet ; one 
Deutz supercharged diesel engine, 1650 h.p. at 
250 r.p.m.—Trial, March. 
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YARRA, cargo liner ; built by the Chantiers Navals 
de La Ciotat, for the Messageries Maritimes ; length 
overall 488ft 44in, length between perpendiculars 
467ft 8in, breadth moulded 61ft 8in, depth to shelter 
deck 38ft Ilin, load draught 25ft 7in, deadweight 
8300 tons, displacement 14,079 tons, speed 16 knots ; 
six passengers; three complete decks, five holds, 
MacGregor hatch covers, one 60-ton, one 30-ton, 
four 10-ton, ten 5-ton derricks, electric winches ; 
three 250kW diesel-driven generators, one 30kW 
diesel-driven emergency generator; one single- 
acting, two-stroke Burmeister and Wain diesel engine, 
built by the Forges et Acieres du Creusot (Schneider), 
8400 h.p. at 115 r.p.m.—Trial, March. 


MINNEHOMA, Oil tanker ; built by the Ateliers et 
Chantiers de France for the Tide Water Associated 
Oil Company, U.S.A. ; length overall 785ft 73in, 
length between perpendiculars 747ft 1lin, breadth 
moulded 102ft O4in, depth Sift 8in, load draught 
38ft 6in, load displacement 67,100 tons, deadweight 
51,850 tons, service speed 164 knots ;_ thirty-six oil 
cargo compartments, four 1100 tons per hour turbine- 
driven cargo pumps; two 650kW, 450V, turbo- 
generators, one 75kW diesel-driven generator ; one 
set of double-reduction geared C.E.M.-Parsons 
turbines, 19,000 s.h.p., steam supplied at 600 Ib per 
square inch and 850 deg. Fah. by two Foster Wheeler 
boilers.—Trial, March. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 


ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS 
Wed., June 26.—BRIGHTON, HOve AND DistRiCTS BRANCH : New 
Imperial Hotel, First Avenue, Hove, Annual General Meeting, 
followed by the A.S.E.E. Electrical Engineers Exhibition Film 
1956, 6.45 p.m. 


Fri., June 28.—OXFORD, READING AND DISTRICTS BRANCH : Visit 
to London Airport. 


BRITISH INSTITUTION OF RADIO ENGINEERS 


Thurs. to Mon., June 27 to July 1.—Clerk Maxwell and Green 
Lecture Theatres, ‘Cavendish Laboratory, University of 
Cambridge, Convention on “ Electronics in Automation.” 


BRITISH INTERPLANETARY SOCIETY 


Thurs. to Sat., July 18 to 20.—JoinT MEETING WITH THE COLLEGE 
OF AERONAUTICS : College of Aeronautics, Cranfield, Sym- 
posium on “ High Altitude and Satellite Rockets.’’ 


CHEMICAL SOCIETY 


Mon. to Tues., July 8 to 9.—Queen’s Building, Queen Mary 
College, London, Symposium on “Solvent Effects and Reaction 
Mechanism.”’ 

Thurs. to Fri., July 11 to 12.—Chemistry Department, University 
of Glasgow, Symposium on “ Recent Advances in the Chemistry 
of Terpenoid Compounds.”’ 


INSTITUTE OF THE MOTOR INDUSTRY 
Sat. to Sat., Aug. 24 to 31.—St. Catharine’s College, Cambrid 
Eleventh Anaual Summer School. rer a _— 
INSTITUTE OF NAVIGATION 


To-day, June _21.—LONDON MEETING: Royal Geographical 
Society, 1, Kensington Gore, London, S.W.7, ‘“‘ The Accuracy 
of Astronomical Observations at Sea,’’ D. H. Sadler, 5.15 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 
Wed., June 26.—E. MIDLANDS CENTRE : Day Visit to Birmi 
and Midlands Omnibus C “Bir —— 
INSTITUTION OF ELECTRICAL ENGINEERS 


Fri., June 28.—EDUCATION Discussion Circe: Northampton 
Polytechnic, St. John Street, London, E.C.1, Exhibition of 
Apparatus for Teaching Electrical Engineering, 6-8.30 p.m. 





pany, Ltd., 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS 


Tues. to Thurs., June 25 to 27.—39, Elmbank Crescent, G b 
C.2, Centenary Celebrations. ” em 


INSTITUTION OF MECHANICAL ENGINEERS 
Sat., June 22,—S. BRANCH: Visit to Marchwood Generati 
Station, Southampton, 2 p.m. — 
Sat., June 29.—S. GRADUATES’ SECTION : Visit to National Gas 
Turbine Estabiishment, Pyestock, Farnborough, Hants. 
Wed., July 17.—S. Waves BRANCH: Visit to Rank Precisi 
Industries (B.A.F.), Ltd., Mitcheldean, Gl =. sees 
Wed., July 24.—N.W. BRANCH : Visit to Calder Hall Nuclear 
Power Station. 
Sat., Aug. 31.—S. BRANCH: Whole-day Visit to the Pumpin 
Stations of the Mid-Wessex Water Company, Frimley, lover 





INSTITUTION OF NAVAL ARCHITECTS 
Tues. to Thurs., July 9 to 11.—Summer Meeting in Bristol. 
PLASTICS INSTITUTE 
Fri., July 19.—Conference Room, Gallery, National Hall, 
Olympia, London, W.14, Annual General Meeting, 12 noon. 
ROYAL METEOROLOGICAL SOCIETY 
Wed. to Fri., July 3 to 5.—Department of Natural Philosophy, 
University of Glasgow, Summer Meeting. 
WOMEN’S ENGINEERING SOCIETY 


Wed., June 26.— House, 45, Great Peter Street, West- 
minster, London, SW.L, Annual General Meeting, 7 p.m. 


































